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♦ * 

RT^^m^^T ser^r: sfafor ^S^TTO I 

2 3 



W : 

1. N x omits (or om.) this verse. 

2. P o<W 55^o. 

3. D r K. N. N 8 . P add after 2 : 

D x continues (or cont.) with and D 2 adds after 2 

q*r: TO": 5T%?3T<iTr ^ftftr: tfJfSTfcT: II 
D 2 cont. with : 

qf?T^ far to^rfe^gsrr i 



fiRl^Tferf^T: ?#5Hf^ TO ll^ll 

l r A 

2 3 A 

5 

6 7 

1. A 2 . D x . D 2 . I x . K. KBM. N. N s . P <T^ftefao. 

2. A x 

3. K oJT^rtafafefto. 

4. Bh 5 . N x have i. 8 after 5. 
T> 1 has after 5 : 

i. 8-10; KU, i. 2-3; then ii. 1-6; then 

f^cerT: w^Sf err ^ssf tj^ f^ljTr^ i 

D x cont. with KU, i. 4-5; then 

5Ri^r f^Tirr: ^trtc^^t: ii 

6. KBM o^rfefaro. 

7. Bh 5 has this verse as KU, i. 1. 

N x has this verse in the second chapter. 



7. (contd.) 

D 1 adds after 6 : 

m ^m^v^ifk 1 1 

[1. Ti oTf:. 

2. i! o^mnr:. 

3. l v l 2 . o^orr:. 

4 Ij. I 2 5*T]. 

then i. 17; then ar«r Tjfe^Rqwrf It 
fsnrnT^rrr: ^^tt^ gwr ^t: ii 

srssnft ^^PTPr* ?F?T ^re: ?F*rTq; I 
ar^r ^JT^TTW^ STHTf 1 1 

sss^ef »RRft Kj+'+i v?«rrc ?pft ^rr: || 
are ^¥rc<»ft sttztT ii 

^itt^Is^ ^FCT»rf?PT«TWT^ f3rf|prrfrr§5rr i 



2 3 

7. (contd.) 

Then iii. 3; then 

%^ftfa ^ <T£ TST fiT|^ ^fasrfa: I 

Tr»^Tfss5T>qrFir f*r«nTTHTfftftn»r: n 

3T«T ^^fTfTq^iTirq"! u 

Then i. 21 (again repeated after i. 20); then 

i 

[l. A 2 mfam:]. 
Treft^ faster ^r^fk^Tcr sf^ir ?n*TTfesp ^Tvr^ ir^ferRrq; i 

.1. I t 5T?T: 5To. 

2. N o^rffTFrY In the commentary, however, it is qr*^. 

3. N x has this verse in the second chapter. 

D 1 gives i. 22 after 7; then App. I. 1; iv. 1-3 (these 

are repeated in fourth chapter) ; then 
1 

2 

[ 1. D 2 . I 2 . K. N. N 2 . P oTT$hffo. 
2. D 2 . K. N. N 2 . P o^fcrfao ]. 

3 4 

*ttsrt: *p§5t ar^ft sfwrr: ,| 



i 

3. (contd.) 

[3. D 2 . I 2 . K. N 2 . P wfcif. 

4. A x . D 2 , K o^5RT° ] . 

5 6^ 

7 

[5. D 2 . I 2 . K. N. P o%^5o. 

6. D 2 . K N. N a . P^r# : . 

7. I 2 . N. N 2 . P o^TFf^]. 

8 

[8. A 2 . N 5T5#^ ;?n% ^q-], 

^rf^ f|tf <rfe TTfc ft^rr^ , 9 , 

[9. N ttM- T^^n^Tf^T^ 5rcrrsT^3r*nj i 
f^r^ qfef^ 5rfsrq^V?r ftwfitit ti]. 

Di cont. with KU, i. I; then v. 2 (repeated again after 
v. 1 ); then 

then i. 11. 

N 2 adds after 7, TOfoWERf ^sr^*^ 

and ferr: etc. (for both note (or n.) 4 to i. 5); 
then i. 18. 
N2 om. this verse. 



2 3 

5 6 

1. N 2 om. this verse. 

N x om. this verse, but illustrates it at the end of the work 
A 2 . N add after 9 : 
Kfa^w etc. (n. 3 to i. 7). 
Bh 6 has i. 13 after 9. 

2. A 2 . Bh 4 . Dj. D 2 . Ii. N. P otf^. 

3. Bh 6 gives this verse as KU, i. 4. 
N2 om. this verse. 

D 2 . K. N. P add after 10 : 
tf^jrar etc. (n. 3 to i. 7). 

4. N t om. this verse. 

N x om. this verse, but illustrates it at the end of the work 
Bh 5 gives this verse as KU, i. 2. 

5. A x . A a mwV. 

6. N a om. this verse. 




6. (contd.) 

Bh 5 gives this "verse as KU, i. 3. 

A 3 adds KU, i. 2-3 after 12. 

D 2 adds KU, i. 1-3 after 12; then 

Then ^ fg-^if ^ T e tc. (n. 7 to i. 6). 

1. D 2 . N 2 om. this verse. 
Bh 5 gives i. 15, and 

Ni i. 16 after this verse. 

2. Be o^t:. 

3. D 2 . N 2 om. this verse. 

Bh 5 . Nj give this verse as ii. 1. 
Dj. P add after 14 : 



[1. N sttt^w ^ STi: q-^rrg;]. 

A 2 . K. N add after 14 and P cont. with 
¥7 f£3"i fc3T etc. (n. 7 to i. 6). 





1 2 

1. Be. Bh! oarpaftgert t^r. 

2. B STTT'jr. P 5TTT<T. 

a e 

3. Bh 4 Di ^TfoTTt. 

4. N 2 om. this verse. 

N x gives it in the second chapter. 
D v D 2 . K. P add after 15 : 

Di. P cont. with : 

*T¥fa5Tfa: *$e<TTcT: *T vr^fcT *m m& II . 

K adds fasju^ etc. after sesrfoft etc. (for both above). 
D a adds after ^srfirfft etc. (above) : 



ti.n.t' 



4 



1 1 
4. (contd.) 

N adds after 15 : 

e«Tfarer etc., snrfBTRrc^fcirr etc. 

(for both n. 3 to i. 14). 

N cont. with : 

A 2 adds etc. (above) and arrsriretc. (abow) after 15. 

1. Ms. torn. Probable words are restored. 

2. Ms. torn. 



i ^nqfr^rwr ^firf^r i j& f^r 
iTs^mt "reftr i sr*r ^^f^t^^ht^pt^t irewcr i ^ 

^=rm^ is: i are ^wra^R* srsr^r ^r?r *r 

fa^RT^ ^n^^^nfr ^^feT i to ^ I 

1 . • 1 

sraTfercar ^st^irpf f% c m^<iTfa" ^fa^T^ i 
q^^pyJTT: ^T«^nC^TT: 5TC?T?5T: ^htR^ft *ftsspf: I 

1 2 

W : 

1. B fqfism:. 

2. N2 oni. this vetse. 
Dihasi. 19 after 16. 

1. These are BSS, xvi. 27-28. 



^cT*r i W T 35 ^" 'fts^f: i ^WsrerefERT \ ^ 

rife H**^ ^ t^T: , 

2 3 4 5 

1. B. Bh 5 . K. KBM ^RRTT: . 

2. _ 1 2 oSznmq-cTT:. 

3. Bh 4 q-n^ipTT. 

4. I] . I 2 o^f. 

5. N 2 om. this verse. 

K gives only the first two words; 
D 2 adds after 17 : 

1 

[ 1. see ^c^tt]-: etc. n. 7 to i. 6 ]. 

D 2 cont. with and A 2 . K. N. P add after 17 : 
snf^RT^ etc. and fa^r: etc. (for both n. 4 to i. 5) 
D 2 cont. with KU, i 4; then adds : 



^q-JTPTfafeRT ^5%^ fR3T ^refT ^t%?? ^sqir i cT^cr 

^^rfersfsr^ srpt i 9^ 11 <rd^ 1 imfa^ 

SRTg^ I Roe. II srgsr T^*nTT: I ^cfs^Rf^F ^RT^ I 

W 1 1 <r^rr T^g^rr: 1 ^3?rteifa«p to:^ i 

^ II ^ trzr qm^zfVfj: I TO^fo*? SRTgtf^ I ^ II 
?F^F?t^ faster %?Sf I 5rq %?5T^ T^f^fnn ^^T- 

^RT^T ercTf I 
1 1 

q-^T>rr 1 era ^^fft q% fWiw i fsdfasfij*? ^ 1 

cTT^ ST^TTf I rT^T fowj 1 TTfaWf[«f ?TR5T%- 

1. K om. these words. 

2. Dj om. this verse. 

A 2 . N give i, 20 after 18; then i. 19. 
• ' — — — i 

1. These words are not in the Ms. They, however, are 
essential and therefore have been restored. 



%?ST?rr^^rrqT^i^r ^t%? j prefer i ct^t^ ^jtr- 

^fcT I 

<fi*TR3FT sqrWTq^ I ^ ^rqV 53n%r5T ^Tfen$" 

^"fa^T fafsRT sqr%?sf $c3T <TFT TT^ft^ f^ffiT S^joir 
^TTTT^ f$TW TO-qT g*!^ I aTOT f<RTT *ffa^ I ^ f^T 



**nfa% q*rfoi5% ^rlr^ 1 q^r ^ ^^N^sr funfair ^f^r 1 
q*rfln>s 1 3* n ^ 11 n w h W 11 11 

t^r ^ fa c mfq"*#|r^T ^fa: srfafwni r qf? ^ 

^q-RFcT T^^R^ SR>R fa^TST#<W *Rfa I 5R ^RR> 

cfr^rrfsR^ *pft**r fa^rer^^' ?rr 1 ^ *r*sp% 
tRT fop«f i^wfa: tf^rcr ?Rfa: ^R^^mRT^JTf^r- 
^ softer fcRrrer^<w ^r 1 arm*? ztfezRiq *r 

Tjwi *tsr 1 qsTreg^nfa% sfr i <R* t%s#: ^> 
%*r^ I ii x** 11 ii w H W ii W ii 



fa c cnfe <E*f *rerfa I appfft <>r*q% ^ fqwfcr^RRqr 
?rqf*r: ^fq^q-rq^ sp^m^ ^fzrr^zr f^^rfk sfs^ 
^r^fcf 1 3t«t it wdft er^T fenssi^wzm srs^q" ^rqftr: 

^f^TWT^T^ ^PT^ fa^fe ! ?FST*wf 1 

3FT ^qr vPRT^" cT^T fspW S^cqTfWcTT tf^q" ^fa: 
^fq^qTqT^ ?T3"5T%5 *fq>jq- f^RTTf^ ^FS*T*f W% I 
^qrd ^T^TJ% rT^T fqw f%^TrTT S^go* ^fa: ^tfqwrr- 

qr^r T^q - ^ ^"far fcrrnfe ^qft 1 spt 

*nBF% cT^T ffosT ^rf^T: tfSPgoq- ?T^fVr: ^f%WTRRf 

snfter fcr^Tfe ^rg-^^f 1 gf^rrfq- ^ 

S^fsfjq-qi'JT q - qq- fqsp^q- goFPTd ^% ^q" $fer*$2t- 

^jreqfsr% sRfafcr 1 ^rq^q-sR ^q- ^T^Tfa^ 

%^ 1% I trsf f% =qrj : ^> ^% I ^Rfrs*q^q^tft% I 

q"T ^%?rTf^cq": iFg^tf^r^rw f^r^q- ?mr: TOf^f^jft 
^ttt: *r f?^^-J5PT sftsq^ q-^qr qr#q^ 1 ?nra«}: 1 sr^^ 
^f^icqr ^irqf q^ <w ^trtt^pw^ 5r^^ 
^ sRTpii qr ^rc^ 1 srrf^^Rpfo 1 T3Treq%s£%?s- 



1. Ms. covered with paper. The words have been 
restored, 



^rf^SiT^pjf snjfa: tiTOTO^RiT: *5PTcft HUM 

TNpRTfe^r: i yj^fi tsmt >TT|?rT^r^r 

3% I <M*JT I 3* II ^ II ^ II ^ II ^ 11 << 11 cttjt: <t^- 
^T^TWT: 'ESnfr I ^ I l| ^ 1 =; || $ 1 ^ II $ I ^ V 1 1 o l 
^ II o I M <t*2T: ^pft q^T^TO^J^JTWrifeT- 

%^wrcTfe^sq"*nTwre*qf 1 h 1 5 u sr^tif ^pt^ i 

SR*TT% JTST^eft ^ I feffa *R*TR «R^. I 

sr^ 1 ^tr: 1 ^otr% 1 xtf ptepirfe: *$£t 1 

^^S^gqR^Tlfe ^rftR^SFT | =^?| sg^tfSpir- 

TRfa I TTft^RR^TR ^S3>TR $r*?Rf% I \s& IHs^ll 
^? II vvs II 30 n $0 11 q^T: ^g^^fts^^q-: q*rRlr- 

mf?T I I ^ II ^ I \3 II I ^ II |\3 II ^ I 

1 1 q^r: q^rrift ^FFTW'raSfwf ^ ^r^wr^r 1 
vs^o 1 11 srtjw 3T wm^ 1 sra^^ ^rq; 1 

fgtffaq-^ srw 1 <r?frPT^ «fpt 1 ^Jq^F«r ^rfafa i 

W : 

1. Bh 5 . D2. N x om. this verse. 

N has iii. 1 after 19; then ^TT% ? 5 etc. (n. 7 to i. 6); 
then iii- 3 (these are repeated in third chapter), 



i 

^ ii ^ n ^ n x ii ^qTigf^ftmr i u i s ii st^^t 
^fir: ^fa^qr^rorft q*nfa i ^ i \* n ^ i ^ u \ i ti 
oi^ ii oi^o ii i^m-zRR *TE*r*rr*F3*Eft 



1. N 2 om. this verse. 

Bh 5 . N x have i. 22 after 20. 

D 2 adds iii.l after 20; then etc. (n. 7 to i. 6); * 

then iii. 3; then 

K adds after 20, spAtR^ I then KU, i. 1-3; then 
^^TT HH<\H ^PTT: fT^^: | 

Then KU, i. 4-5, 



WW^H I V3V9 II II II Wll U II : ^ : 5^sfczrHzrT 

% 1 vo 11 ^rgwspT^f^rfinTT- 1 ^ i u ^vft&tfkm 

W^T^fT I ^ I V II %\ I *o |'| ^|q || Vo I ^ II ^ I 
t; II s 1 II ^T^T^TT^WT ^ 37 ^srssro^r- 

^TnT I ^£0 I II 5FT^cf5q% 1 *R^rfeTl%T£% 

=5F5^f^:^T^ri STT^g^T^Tfafa I STT^RTftc^ 
5TRTSinT I ^BRtJTT T?S3nff*T fe^mw ^RT: 

1 m ^n#sT^n' ct^t f sttstt: 1 sr«r ^srnr^fK 
^f^T5^if^f^W^irmi% 1 ^tt ureter ^to^^T- 

1. This is iii. 1. Bhattotpala quotes here. It is numbered 
in its proper place. 



=^^r ?refcr i m ^?tt%^ TrfaW ?nr% tot Jfo^fHrT- 

'tostspto: s^qwr^fr: ^fW^rer^ ^^faf^T- 
^xp^zftit ST^^Hf^ *nrfNr 1 spt ^T%?t 

Tifipw tot TO^ra^PPik tost 1 
^w^stt^* 1 

l r This is iii. 2. Bhattotpala quotes here. It is numbered 
in its proper place. 



tfSFaft ST^T =ro^ *r*m II 

^rawfrTfa: sr^fM^n tttwt^ i jrt Ti^f «rs«r ^ 

«TTW : 

1. This is iii. 3. Bhattotpala quotes here. It is numbered 
in its proper place. 



■o 

^rfeTr%<re% sfaoft iter: i ^^^r^nTrnft' *fta- 

1 

2 3 

gf^lp* irt fern: <sn^n g*f EffepT: n 3$ II 

^ fa^rrfq^ f^rr srifsren" i <rr: snsRnjftre- 

srf^rr^fiT fremfa gsfirarfr i ^^f^rrRft f^^T^ft 
w^pi ^rfir^f T5r?f^r i cr^n^zr: ^rt: ^rafter 3T^r%^ 
cf^r^ ^r^rwr i ^ i^r*^ tfsq $fore>*w i Terras 

1. Dj. D a . I.. K. N a . P o^|^. 

2. All Mss. excepting A 2 

3. This is BSS, ii. 61. Bh s . N x give it after i. 22. 
A a . K. N. N a . P add after 21 : 

verse 4 in App. I. 1. 

A 2 .K.N.N 2 .P cont. with and D x adds after 21: 
D x then gives i. 23. 



^^S^^ ^nrTT^T ^ few. I a^qr wsrr ^T^TTOT 
^4^r ^a^c?TT ^ fct *r«T ^fe^T: icr%r q^s^ 

TRTTsr^sf crr«Rr ^r*5 ^jtttt^ jtstw sitw^zr *R*r i 
*Rrf^rrfe w ?rs«r^ i §-?r ^r jtcrN ircaraffir i 

TTfa^RT tf^J? ^ srfa<£ fe37*R f*T^TR I 

fat <E5rrf5$5 sttr^ sr^t ^ ii 
*rts ^T^fr aft ^sr: ^s^mfc^rot *rfe st^s# ^st 

^ssr^ienfarsT' 'H^ft^r ^sr%sq% m«RT Tif^itr^ 

Sps^T^WRSHT' Sfrofafa ^sq-'T I T<TR I 



^nmf^FT^: q^ftr^ ct^r ? rar^T?5T- 
3pr%^T ^Frr^Tm^T: ^rafter q^rfk^ crr^^Tw 

TTT^RT^TTq; ^T^IT^ T^TST ?7T^Tcf: ^HT ^fe^T: I T^K- 

1 2 

1. Di. I 2 ?TT^:. P qwf Erfr^T:- 

2. This is BSS, ii. 62. Bh s . N t give i. 21 after i. 22. 
Bh 6 then adds : 

Then i. 24. 

D 2 adds after 22 : 



^5^2^fc^er^T f ^ I ^ft«PTf?sp TTcffa- | lief 
T^rqt: sfTRf f^T cHft: ^T^q>T^fe£H%: ^FT: 1 

$MiH'4?5zn^[ ^tjPt: q#fw i 

1 2 3 

1. A x . A 2 . fas^s?. 

2. Ai. A 2 . Dj. I 2 . J. K. N a . P ?TPr:. 

3. D 2 om. this verse. 

Bh 5 gives this after i. 24. 
P adds after 23 : 

1. Ms. covered with paper. 

The probable words have been restored. 



i 

2 



^ : 

1. D x ^■^rTf^rsq-o. 

2. This is BSS, ii. 66. Bh 5 gives i. 23, 25 after 24. 
A 2 . D 2 . K. N. N 1# N 2 . P give Tfa^ifV etc. 
(n. 7 to i. 6) after 24. 

The first chapter in Nj ends. 
D 2 cont. with 

farsf T^TTf^ »T«rc5*rfrTfsRf J^f^ I 

D 2 cont. with and D 1 after 24 adds and A 2 . K. N. N, 
P after TpT^S^ftT etc. (n. 7 to i. 6) add : 

sMt ^^Tf^r ^> T^mTTw it 

Tl^erTg; SPRft: W^T^rW^Tf^: l| 
[1. A 2 o^q^T^^WTf?]. 

D 2 cont. with : 

$%?t fafaT^ fa=n^TT5rrf^ 1 1 



2. (contd.) 

Then KU, i. 7-10; then 
1 

2 3 

[1. I a srfafeo. 

2. Ix. I 2 . K ST^fa^. 

3. I r K. Pfn^r^rfo]. 
D 2 cont. with 

Then KU, i. 5. The first chapter in D 2 ends. 
K adds after ^ ^3Tf%5"T^T5ft etc. (above) : 

stt^ fa^«f ^\ ^i^^mi^h i 
^t: ^rffcf fT^r girr^ TJTprrfafaj^ n 

Then ^fer^ etc. (above); then 

Then ar#T5PR- etc. and f?H£*>?n; etc. (both above). 

Then KU, i 6-11. 

The first chapter in K ends. 

N 2 after UsFSTTf^T etc. adds : 

srerfenre etc., srfergfa etc., 3t#tst*t etc. 

and fasR^far etc. (all above). 

The first chapter in N a ends. 



f^^frftfr^ffij i tt?*r q^^rfa-fo" i 



1 This is BSS, ii.63 but Bhattotpala claims it as his 



own. 



i i 



1. Ms. covered with paper. 

The words have been restored. 

2. Ms. covered with paper. 

The letters have been restored. 

3. This is BSS, xiv. 29. 

Following Prthudaka this verse is not included in the text 
(KSG, p. 42). 



: 

1. D 2 . N x om. this verse. 
K. N 2 give it as x. 1 . 
The first chapter in B. Bh 5 ends after 25. 
A 2 . D v N. P add after 25 : 

i 

[1. A x . A 2 oqj^^ft]. 

N cont. with iii. 3, 7, 6 (again repeated in the third 
chapter) . 

N cont. with and A 2 . D 1 . P add after rRsFTfo etc. 
(above): 

fRf «jef ^3*f ^arr^at fawf I 



1. This is BSS, xiv. 30, 



1. (contd.) ~~ 

N cont. with iii. 12 (again repeated in the third 
chapter). 

N cont. with and A 2 . D r P add after per ^ etc. 
(above): 

^ft *r v& ^T^r> JTE^JTfcrTT^rt^irl': 11 

rn* iftar^ t^f^Tzft tf|Rszr: II 

A 2 . D x . N. P cont. with wrf^R etc. and ^%gR etc. 
(for both n. 2 to i. 24). 

A 2 . Dj. P cont. with st^pr etc. and f^R"3 etc. (for 
both n. 2 to i. 24). 

N after srftpjR etc. (n. 2 to i. 24) cont. with 

*N ^rRrfinfiw* ^n^i^pftstffo 11 

Then sr^rfa etc. and etc. (for both n, 2 to i. 24). 

The first chapter in A 2 . N ends. 

Dj_. P cont. with 

T^RST: ^g^"5«rf R£TSTR<TT: I * 

3;^%or srfSRt *mrHPTfsPTT: V^tT: I 



W : 

1. (contd.) 

The first chapter in P ends. 

Di cont. with App. I. 2. Then the first chapter ends. 
K. N 2 give Tfa^rftr etc., ^Tf%^T^f> etc., 
^nfff: etc., etc., ^Twf^T etc., and qTcl^N 

etc. (all above) as x. 2-7. 

K gives ^fo^T etc., 3r?RT?T?% etc. and t%T% etc 
(all above) as 10-12 and N 2 gives them as 8-10, 



^gf^% ^^PFTC: ^q-^f^TT: II 

^*nr i ' 'I feft^fenj^: i ^fwfa ^Rrarf^r i vso^ u 

TOTf^sRRtoTft" gTSSTCRnfr I \^ II SRpr§fSR% I 

I ^^STCTrTTfr ^TR^fa^Tfa I \YXo || ^m*? I 
3^ II ^ || ^oo^ || || l^zm || ^Wo || i^Fift Jj^f 



1. This is iii. 7. Bhat.totpala quotes here. It is numbered 
in its proper place. 



qT^TT I cnr fktw sPTf^T: TfScTT I 3csfcTf%: ^Tf%^ I W% 

1 1 

2 



1. Ms. torn. Words have been restored. 

2. This is the second line of iv. 1. Bhattotpala quotes here. 
It is numbered in its proper place, 



i 

3^ ii qafa \ \\\\ f^T: j 

^cjpf^fo: I II fOTT: I q^R5T I U II WT*f 

f^in: I q5=^r I * ll?«TN^ I 3£ II ^ tt 3? II ^ v 11 U 11 

* 1 1 ^tt tj*rM *PfffcH*rfafa i ^in%5SFT fcr^fr^t^Fi 
^n^i^H^sft^RT s^rt ^^t: sraf^nr^ i 

3tTCT i 5^Tf?Trf^r^% ^*th sfawfa i erf sfm ^fa: 
^unr i ^fa^qro ^sf^r%^ M# *rta I 



1. This is iii. 6. Bhattotpala quotes here, It is numbered 
in its proper place, 



g^r ^ ^mr&Fii fww^f «r 1 
fort f^for^ ^i^TFar ft?nfoF: *n*r: 11 
aw: i ^sfo^q^rfwgsrniT: ffoRfc 1 ^Tf^^rf^rTq 

^f^q-f?cr m^res: ^f^ftsqr : 1 m^RT^r tf§3remw^^*rr^> : 
sarnrforar: 1 ^T^f^fof^sf q^rfir: ^ 1 
?R£S5ffoTT for%q; ! ^rssf f^nfe qr^zft ^ffo: 

^^TCcn^fa^^TWrfa ^ SEfa fafcj I ^ f% 

RTS%* ^f^ft ^ *iRft foST^ I ^ ^Tf^T^ITf^^Tq 
<RTTT I ^ II ^ || ?oo^ I ^5 || || ^VVo || 



5 qiW : 

1. This is iii.12. Bbattotpala quotes here, It is numbered 
in its proper place. 



*r?iw wr: ^tjt?: i ^ xmmi stptto *wrq i ^cft 
fl^re ^T^rfeR^rqrreqr^r ^qrot *rsd% i ^ tttcto 

qr^r ^ ^Ts^TTto: q-TcT^Tf^: spR: II 

ftr^rt'ST: I eft" ^T%^T ^IWcTFnf TTf^t rTTc^Tf^T^t qTRr I 
FTq#T f«T c ^Tfe% WF: I rTSTRfft szrf^n^ssfasr Twf sftenT I 

<n% i t^^ife^" ^czf q- T ^ ^ftsrf^r i x$ 
qrTfeT w: i '^^ttto 1 c^r: qra^rf^r^^ 



1, Words covered with paper. They have been restored. 



tort m ww: i i ^STOTf^rrof^r^^ 

^r^mTf^R^<TR> ffl^Tfa^ WITff I JJT^R^lfeT- 

mfa: sprcf i ^t^t^ m^rf^q- <ri%?r ^t%: 
qT^r^ft m: i 

3FTT «TR"^nTOT^Tr^S«r«rT #9": II 
^ T>?TRT^ t^cT^T^ ^cT53T: ii 

flTRrnrtffr m: i <pon% ^%qRmR tr^ i %fa m $ 

1. Ms. covered with paper. Word restored. 



1. This is the first line of iv, 2. Bhattotpala quotes here. 
It is numbered in its proper place. 



farofe^- Tfw *mf f ^rr?rT i 

fsR^RPftr I 3^° II TTTTT^ I 5T^T C ^' I ^ I 

i 

^ *F<rfaW ^TT^RTmTf^ftsspffe: II 
Pl^if ^ I f?5W fK^TT *T^T ^PT^ I cFFT wfiTO'f'T 



1. Though introduced by 'afST-arr^', this verse is not found 
in BSS. 



^6 *sp»3%refa> 

fenPr %w srfa^q- T^rfr i ^t^r f%w: crater ^^t^t 

£rar%?r *r«T ^pt*t i ^^flTfrrc^TfcR^-Trc^ ^rafter tr^r 
vriirfW Tsnrafa wfr q^gftRrrg *£ftnj ^q zfta^ 1 

fopRrefew fg^qr: q^|cfT sn?3nrer^ 1! 

22 

erem^fan ^% 1 qsf ^rff^R^ff ^% 1 mf^r- 

3 

^rr^fhr: 1 

1. These are BSS, xiii. 45-46. 

Following Prthudaka they are not included in the text 
(KSG, p. 42). 

2. Words covered with paper. They are restored. 

3. Word covered with paper. It is restored. 



foFHRTSTfe^T %fo I ^TT^rt^T 3fot>Hf ^M|ftT Sn^ft^Rf 

i% ^Tg^rafeTfawrat ^^T?i^f^t^ fof^^Tjfw^: 



1 

^TOt^H: ^^ft ^^Tfs^T^T^I I : \\\\\ 

I 

g^^^fa^T^TRRT WTT: I II Wl^: $ II 
5j^T^TTf^T o I o I ^ I ^ II ^t^r^u^r 

1. D L begins this chapter with ii. 7. It gives ii.1-6 in 
the first chapter. 

Bh 5 . Ni begin this chapter with i. 14; then give ii, 1. 



fa^Tfe 'ft^l I 5RT^^ Slf^fafafa^T: ^ft^TT: I 



WTTS*TT : 

1. The words ^ etc. are covered. They are restored. 



^^f^^RTs^^Tffgf?rf^rf»t ^wnfe 

3OT5HHTfer^ ?^i^ff VmFFf: ^^T: I spsr ^ t^r^FT 
^STT^ WTT: o 1 1 Wl%*r: ? 1 1 ^rn^^T^Tf^^T 

^s^nriwrf^ f^f^cerifq- ?r srssrr 1 ^fa^r %^t- 




qo^^Tfw^ STSSTftpf *pfalT I fat WZW ^TWTf?T 
5refa%^T*T: I II iFrssr' *rrmfe ^?*TrT *PTfa*T $5E#5r* 

1T«r% I 

!PT p?2r^'fq: I I II ssrjfacr: I ?o || ?t^t 
gf^rfm^ftprcfcsncn^ wiw. uii wik i ? o 1 1 
^irr^r^T^Tf^T $for: i « i ^ 1 ^ i ^ n ^ 



^TTfsgg^^^^>?f>S^TTT^T^T^ II * II 




^I^TT : 

1. These words are not given in the Ms. Without these, 
however, explanation is not complete. 



f^g^ i f^tsfq- ^f^RT i cn^dr *fta^ i 

1. (contd.) 

5»nPT ii 

ST^ft Terrs' ^T'TSTTfssfiTq fa^lt^T %crTTT?T> fg^fWTHTf^T 

T^ri^ i 

^T^fw^siN^g; *=p>?*?rrer' snrwfafa fafcren: 

f^ftEJT 11 

Ni has after 5, i. 6, 7, 15; then ii. 6. 
sqT^TT : 

1. The words in this line are covered with paper. The 
probable words have been restored. 



f^ftr: Sffaftfa Wffi^ I Q=f fcT *P3PTOf?R^r I *S*TIT- 

srref ^tt^tt: oil wrer^ ?n 3T^m^^?T^nf^ ^^rtR^ 
i o i o i ^ i © i i ^q" t^nf *W: ^^Tf^^gfrn^rir- 
qf^r fafsRnfa jtt^t i ^te f^^Tg^ ^rt^^r i 

1 

1. D 2 has KU, ii. 1 after this line. 
A2 adds after this line : 

second line of i. 6, 7; first line of KU, i. 5. Then 
Then iii. 1; w*n%?£ etc. (n. 7 to i. 6). 



1. These letters are covered with paper. They are probablj 
as given above. 



* 5 <94l<HSl«l* 

_^ * 1 1 1 , 

W II | II 3ft II =;o.§ || ^Vo II ^^T- 

111 . 
. 1111 
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^0 ■ 




?<> 
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5 





1% ?T|Mr T^^TfrT 1 

gas** ^rftf|g5TFT fes^gfrr^ i u 1 1 

1 

2 ^ 5 

1. P om. this line* 

2. I 2 STTf^'T^o 

3. N x has ii. 19 after 7; then ii. 8. 

1. These letters are covered with paper. They are probably 
as given above. 



?^t=5=^qrqr^q- ?rq% i fei-q ^T^^n%?g ! ^t^t 

lii 

i i 

111 * 

1 1 

m*mi ^q»r«r: ataisn* ^ftrc^fsm imn 

1 1 

c * 

11 

!TOT: 5jftsr%?3M ^ST^ I ^iT^ "J#?qf 

JTSPT : 

1. These letters have been restored in the text as the Ms. 
in these places is covered with paper. 

1 . These are covered by paper. They are probably as 
restored in the text. 



i ^*hfesr gr^ffa i sratssrre^T forfeit for- 

1 1 

sf^r w# ^rfer: i ^ ^rfa*wr^n" TT^T I gi^T 
^«R^r tf^^^^fwr^fa i ^™ i 

^rft^Tra^icf 3^pt sr^r srsnr ii 

$Fr?r sfK Trailer ^rc^^jfa- ^rersrfcr prefer ^rafter 
foF?Fq i frj^cr^r i afo^T^r*^ <m$^ i ^tft 

1. These are covered by paper. They are probably as res- 
tored. 



^ft*T^ VRffift cT?T c cf sftezfTj; I SRTpf ijarsp fK%f^T I tFTC>*T 





















|o|^o| 














_V9 





^prq^Rr ^qt^JTF^R^r^r: ^fcr i usi * item fa 

tr^=5^ zHfc TT^r^n^ ^TOTfirerfcnTf'TT ?&fa -<rcr 

to ^ grfror tf^t^iT: i ^ ^ ^ smfa zv&fai 
sre^f STfwrr f^r^Rr i ^^^5 ?fEft^r ^f^t sr 

^ *rofar <e*t *r irsrf^r 1 ^t«t ^Rfa^r^rf^%5ffaw 
fsrer^FfN^P 5 ^ sprfcr <rf: <r t $«rftcr ?r?r 

^far^F^tfqft' ^nftsraj *Rfar. *m sr prefer i 
^tor s^w- 1 ^ * %^fa to ^Rfq^FT fwn^ 



111 

11111 

5T^J5% I rf^T ^TTT^ ^qt^T <T*^r T^f^T I <TST STTOSTT- 

^f?^r i ^=5^ ^^sfTSTTCi q - W^^rfa i qcf^ 



: 

1. The Ms. is damaged in these places. The probable words 
have been restored. 



^qf?cT ?T f^f^^"%^7% cT^T ^ft^T SPPq^ I grf^T 

«rt^r% =q s^q% i ^ i ^ i o i o ii q^^^np^^ i 

qtetf ?T <T?T cT<?q%qTq gT^^f^q- sft^rfrnrftf- 

q-qfeq-Ri^ q^qf^qf m^kt *rq>?q wqfa I 

%??T?r%q£^qTFiTq%q^Tq-fT^T^ gc=r ^ qfesr ^ m^- 

^ftnrfq*rq^qTqi c # qs^fq-^: ^T^fjTT ST^rf^fNT ^ c cT- 
Iwfa STqfat tfqfcq- T^^T | ^^T^T^E^TTT^qT- 

q^r^^rmf^^rn^ ^ qq* **ftesr =q ^rsqfcr t 
%?sr tt%^=t% irm^Ts^^r ^ ^?rq% i \s i ^ i i ° n 

q^T ^ ^eqf-cT rTCTqtq^q- f^TTfWT . ^STftprfT- 
TT^qT^^f ^ spT irafa I ^^^T^qrfw^T: Hmfar: 

^sfH-q-Tq^q-' q^row ^rqfa - 1 q^r^ t qjq-q? ^qr 

crfeq'TTsr^q *fq*r srsrfafa i %*are«i%^TOqTqwrFT- 

^^q^^r fq^T%q; i srssf q^f srairqffsr wft&f q^q-fa 
cT?w ( u^rT^q'T^qTq"^q : qwr*p*r ^q-fa- i %?sT^%fffinnFTT^r- 

^r^to ^rrfrf fk^i for^r 1 ^rsq- ^nrteq- 
q^q% a^q^TqqT^qTq^q-" *rq-% 1 %^t|w%-s"t- 
c rT^qrq#^r , *rrq"fcr'^T : 5 : q5#^^%5r^ iW^r stkrsrt: qt st1%- 

^q- ^sqfcr ^W^T fT^T^f grfw^TT fq^Tq; I vTSSf 



TTcT^- TT^^T^T% Wt5^ ^ SFWerfcT l^l'^lo|o|| 

*fw% msfaf *r*fts*r ^>r^% ^^OT^qr^^r 

cT^T^cTrT ^j^TFT ^*TT£Tftm faST%^ TFTT 



1. This is the first part of ii. 18. Bhattotpala quotes it 
here, It is numbered in its proper place. 



i 

2 

^r^r i erf w^w^^^r q&gw ^reftr: 5r#fa?j%cr i 

*reft«r ^s^stf^nfcrfa i err srterenrfa ^ft g^rc 
grafter g^rer^ ag^ nr ^TTTTfT^'ir^ fe?r^r i srssf sfrsr- 
stiwt : 

1. These are parts of ii. 18. Bhattotpala quotes here. The 
verse is numbered in its proper place. 

2. This is from ii. 19. Bhattotpala quotes here. It is 
numbered in its proper place. 



fsfifrrcTf|f?T*T 



^?t«tt i TifrrFT ir^forf^ 3? i ^ 11 f*rt #5Twr- 

^Tf KS. I q II 3RT>HT 3TF^ I II 5ro*r 

^ i ii 3HT$ta i ^nm^r f*nr%q; i <Tcft ^r^mff^f 
^*fanhr% i 

] 



sqTWT : 

1, This is from ii. 19. Bhattotpala quotes here, It is 
numbered in its proper place. 



^rfr^^sq^fafa t «T% V I IX It I II SE T5 5 M% f 5" 

^q-^«nr sRfafa 1 ^ f% ^fa^f^r: vsfz 1 q*Rof 
qifaran fcranr ^ qtrfMHiftre Gran* 1 

4 5 

rft^ W^TT^T qf^TFTT forfait I tT^WTfrrfa: 

q*iH 1 *?ra>OTT5r q^r T^rfa 1 q# w^^tt f^TO^ 

NO 

W : 

1. B. D 2 wjq; Trf^ro. 

2. i 2 ^T^. 

3. B ?rr^5T%'T- 
D 2 srofa. 

4. Bh 4 . 1 2 ovffora - :. 
N fasftaft:. 

5. B om. 11. 

Di om. the first part of 10, 



^T^ftWT TTFPTTf^RI^ ^RRFcRiifNt 

f^r^t spfteq" <&*r «r prefer i ^qfqasT^q^^^- 
snrqwf q^*r ^f^r i tt%^h% ^1^% 1 * 1 o 1 

^^qT^T^^Frfq ^ ^fasTftr: 3T^f% *\ fa»f^^%- 
^ q 3 ^ vPRn% 1 <rre*r sTTOSTrcqren^rsr 

f%^r^fV *rwfa ivi^iooh ^sTT^^qren- 
cf^q 1 fafa: ^rrf:V^5^ ;ref*rw<r q^§ sf^rfar q^- 

1 %^T^%^^r^T^^™fq*^r q-^f^rf^N q^- 



=q *T*Wk I \3 I V | o I o || %^TJT%q'^JT c rr^R%q'- 
l d I o I o I o II 1 %?3TC<#^^q-R- 

?TT#fr ^q^ ^rsqqHwn wr*FT£?zrTsrref q*r 1 

?Tqfa I ?T?iIWT57TFTR^r'T qwPTof ^fcT I %?ffT|oi%;5T- 
^=5tT TT%^0% 3TTq?R% .xr *F*nrfa 1 ?o 1 ^ 1 o 1 o n 



^W^^T <E?RRte ^fgW^sf ^ spTiruf 

^tzN i ^fta%*sr q^TR^r «r?rfirf?r i q^r ^ 

fwr*$£ |sr sftsmr *Rft«r ^aNnr^sr wf% i stirrer 
sr«m s inT^r wn^fhr a^sf fa*§k srtjw m i # 

zft SWT ?tt#^ jopfcr i ^^n^TT^n- fai^m \ 

3<*T^R mtf^TO^'pT f spj^Rf ^goq - =T^"f^T: wf%^ 



5PT ^^q- =^5^ fajSHTO ?rmfw*3T tTR?3^- 

^ur former i ^®«f q^mr*? fa^w^Fri ^srifRft 

i «r% i v i o i o i o ii f | i d"i o i o 1 C |i 

f% ^«rer ^fe: ^ej i fa^RT ^pat 

1 . 2 

3 

TOWT ^yft TTTR faqtfcTOcT: gRvffa M^tl 

1. B. Bh B 5fSrf?r:. 

3. Bh 5 . KBM ^pf. 

4. D 2 ^n. 



^pf£r*T I ^^TT ^3<t ^TTTT^ TT^T I TO^ft TFTT^ 

^^tofa^Tfrr^ T^roraf sfta^w > i 























**- 




• 









i 3rt %?gr q^qr ^r*rfa ¥mfq^stepr*r i <Rrersr 
^$&r *rsr>«n: i q-^- ^ ?pqf^ to ^rmfq"^ *nns 
fo^ifsnnwT ^ i ^^rfaf%?r3rq i ?i«sf q*r stf 

to wre^f fsrercfSrerftra^r qssf «r ?nr% i ^fen^nfff 

wrR^hr to wfcr to srwrefo i o i $y i i o n 

TO cT^#q-^T -q^OTST ^3TR5iT3T TPnTT^TRRf *TTO^ 

sfasrfSfa^" ureter qwf ^ff ^fcT i sr^r imfTOT^n|&r 

tfit: q;?r «R"' >refer 1 qcTre^r q^*r q^r 1 qs^r 
%5=3" tt%^ vrr»n^:R^r% ^ i 3 1 \a * o 1 o 11 

to ^TO^^rqrc^T^rtrsf ^Frf^^sT 1 c^*rr^r- 
forfar- srten: 1 to ?r^«Tf% to wrfw- -sntR - 

#*r: 1 %?sr TTftRg*5% m^r% STwrftr m $ o 1 o 1 1 1 
3>>s* 1 ^^qreqr^^^Tfq^r^! f%sr fas^^sr ^ ^rjtct: 
it f%5r£H ^sq-fcr to TOf%w^ ^gg w^r f^mm ttppft- 



^■^r ^55 <ds?nfiprf'PN£c*t i ci sFcrg *tr§ *r#?*T 
3T<^rr <r5?TO?rR #$fts*TR3R' ^^t «R *rr 1 %^T^q- 
^??iT^^^%^nTRfT J ^T^Tf^5r%? : sr5^ R^R: «*t^T ^ 

sprfR ?t fafs^srftpsi^ <r*ft^t sraf itrt wts?t *rr 1 

^=<R SR^RTf^T ^ %f^Rprefa i IR^R ^ TT%T5% 
*p?RR I \ I I I II *R ; R5TRjT ^T^T ^#5^ | 
%^5T%W£^^T*qi^W^Rf^R sftSST OTT^: I TST ?T 

^prfNr cr^T *rRfrow ^55 tft^f^^Tf^n^rer 

q*r$«F ?RR I %^TJTf^ff^^^^^Rfa*3-R ^t^T 

1%sr5*TRRr ^TPr^^r tf*rfazr 'wpr "*rr i %'srnrTftRS- 
^TTT^TRtr^^rTfT^cT qten* rstr^ *p*rfR ^<g&r 

^ ^eirf?<F rf^T rR3f$R**l fSfJRI ^^nrfTO^*TRT<*r. 
^RT*£% *pft*ZT TRR I % 7 3T£T%^3^ T JTT^R%q'- 

?TRfa*?R *TR5r f^rR^R^sT ^ ^rfR ?r fofe^^rfer^ 
^nrRr. ?rr i ^for's^R sfartsrRspY m: i 
q^=5=Er *Tfw?i% ttrr3tr% ^ ^wwfe i \s i i o i 
o ii ^^fa^wn^R^TTRfa^R fa^^cfo 

^ ^krir: it £TR3TR# ^«T% <RT <R^R* STCR 
e^y^T STfaRRJTf RTT^TRRT Tl^tf *RfaiT «fiwPpf 

I %?£T£T%^^T*3R^W^f^a; ^fRST R3TR- 
£TR^R*R ^BTf% ?T f%fo:^^%«T^ <R^<?3T tfR? 
-JTRT: <T*R*T ^T^R I <R^W**T <T<*nj[ I %rST 
TTR£T^T% ST S*^RR I * I ^ I o I o It <RR^aT%?^ | 

5R ter^^s'n^rfsR t *rr ^st ^sm^^^w^RtR- 
^fifq^WR^r .5Rrt«TT: i t^t-t ?r^^rf% crrsr' fer^f- 
tf^m^Erfa&^^RT-^ ftr^rfcw *r tt^tr i 
c^rr^i^tr s^ftreft«rR$R" ^*pjf "*rr i ^R'jt- 



^TfTsr-iT ^«rf% <rer <r^taR g^gor^r ^rrf^rar 

c c e 

i ^ tt%st3t$?% ^^fr 1 q^r to^fm- 
tptct ■ Tv5T'mf^>T4^ i ^*rs*rSr ^ wpnr*f ^rf^ i q^r 

^rr^T ^jt^ i srfsi% sRfafa' i q^ t^r fs^tfsjet sfcft 
i ^ft^#%?s" ^r*rf«r% i q?r f% 



m ^rta^ feffa ^far ^ ^srtc f^^^r^r 
5^^tt ?n*ft^^Ffc$cri" sfanjfar *rsg<nr ^ftr: s^f^nr- 

frm^ I 

sr^^W^stftf^rafafr I ^ I ?d II %o I e; I ^ II 



2 

fippir: ftr^qf ?[CrT spm trarcfepr u^ii 

A 3 

sssrfaft w^fer i tier fafaW iW f^fm: i fafire^ 

I rTT^ VT^STfpft W% I I s^fa^T: 

W : 

J. B. Bh, og^ft fq^sfa. 
D 2 . J„ P ?psj>. 

3. B. Be osftTi^:. 
Bh 5 o^ftirqRr:, 



































3 





ST^fa^^R 5p*rf% cT^T cf^q-^ ^T^^zf *rcrf%3Tc?T 

^'*n*Wrerfa% ^^mfc i v i ^ i o i o ii it^^%?^ | 
^r^^qrr^TT^^ *rnTfq"9£teR*r i rr^rrq ^ft?^r ^ft^qr: i 

q>«r ^fa i %^T«^?^n^iTqrtr^irfqTi^i^ 



1. These words are not in tbe Ms. They have been 
restored, 



<rt Tift t ^prfcr <rer ^^^F^ftr^zr fafatfNrcqf^r- 

sft?3t sresr ^prer ^Tf% ^ frfe^rfgror q^^T- 
frsra; v^fa 1 m^r snrqwnwR * fofH^rerfr 1 
%fs" TTfcr<rc% wvsfa 1 ^ 1 ° 1 ° 1 © 11 ?ra: qr 

q^5[ TTfsfl'TS^ WT^sf^ ^fPTfa I ^ I ^ I o loll 



TTf^RT c ^% ?TT*R3% ^ ^T^fcT l V3 I ^ I o I o il ^=5=^%^ 

^E^TTftSKT: STRICT : *r$TtWF#qr ^Tp*r I %^T^T- 

^eqf^T cf^^%<T fl^cf ^fa^T f^^TcT I *TS*T 

^ S*?T^fa I \\ I ^ I o I o II ^T^%^^*TT^IW*T- 



^Tf^TfT^T^ tf^fcT I ^ I o I o . | o II qsf JTWlWraf 

^T^NrRfr i inapt ^sp spf sR^nj*r ^t*t*t i t^r 

I ^ # *$ft ^% I 

m fg^fn} ^far faj^Tw T*nsp»3Rrt fa^R^r 
5r?nTT?^ i fcfcprc*^ sr^ i ^ftaq-<?^ sr^ i 



fit ^ ^^STWT: Softer ^^^T=5^t fT^ffi I ?W 
^\ I o I o | |j \3 i $. I o I o || ^^%^??5ftlfs?T^f^f^ 

sro ^pf^T^r ^5t%tsrt: sfstowrn i 

1 2* 

3 4 



1. Bh 2 . Bh 3 . J. N 2 . P oc?fr?fo. 
D 2 . K o^io, 

2. I 2 ^°- 

3. B. Be oittrt:. 

4. The chapter in N a finishes here. 
Dj. % K. N. N a . P add after 17: 



4. (contd.) 

1 2 

[1. A v A 2 . D 2 . Njr^t. 

I 2 . K *T^r. " 
2. D 2 reads this line. 

1 

frfs^T^^f ?r3T#*f ?nn£?f sfow n 

[1. D 2 tftor]. 
A 2 ins. after 17 App. II. 1; then 
jrt^rtfe: *?rpTr: fgf^r^T: i. 

i^n: w^h^xi: srf^T: n 

then sftsrre etc, and fMf>??f *r etc. (both above). 





\ 




= e 






































3 





TtFT sftST ^^rfcT ! cTcf ^r#r*#FT^ I 

cT^PT f^fcT: *fsftsqT: I *TCT ^ ^ ^RTfip^T 



fq^rffSTfa: q-^f^^rf^f^f^^ sprier: Tt f%5rfrT# 3prf% 

*TTO5T^ I ^cf^ %?ST q^T TTlWT ^m^' ^ *rq"fcT ^"ST 

tf^qfa i ^ i ^ i o i o ii it^t%^ i ?^r: 7?^f ?nrftr i 

^rqfq^q" % c ^TTf%^rf%^rr^ f£rei?qV *TTT**q'f<q7qT c cf 
>ipq% i %^T^%^w^Tq%q^fq^Tfe3r%: ^irfcr *r 

%?sr q^r TTf^-q"" vrrTT^ *reforftnr3f% <t?t 

W*q^q%^Tnfq^Tf^R: WfKSt ^ gsq^q-ff: STR^T- 
fcR g«rfNi ^ ri^q%<*^T fairer sTf^rcqr ^"FT^q^qT- 

*TR^ *rf%^f?rf^'#Effaq" q"<^Rfa ^^qwircqTWH$l«T 
<T5# «f^f TTqftf I %^T^%?3*[qT^R^q'^fq , o^fj^: 
STR3TR: ^Sjrcq-rr: q^Trfq^rfcR ^sq-fccT cT^T 
<T?q%<?*q fag^q" q3^f%j>ic*TT ^TR^q^qrqFrT ^TR^q - 

.^ri%^r%f5r<% sfqteq" q^rafa ^TO^q^q-rq^ sr 
^q% i ^-jR^^^q-r^q-R^^irmfq-^f^^frr: 'to 



^Tmft^Trr 75rrf%5rfa: sfrarr: i t ^rfcr cist 

■o o 

gjfkwm -mvw^&nzn^ ittt^ *ftrfar ^m^t i 
^«^r^fwfrfwrfc«n^i c # wn^^* crater <w*ft i 

^tfi^^ ^ *rwfa i =; i v i o i o ii ^ffTjrftprc^TT^qr- 
^^TFrrqnj^Trr q^^-j%^rf?rgrffwf%: sparser: tt 

WWf^Tl^T^f ?TPP5r^% tfzffaq- <E*r^»T I %?ST£T%- 

^ *P*pr£r I 5 | I o I o || tr^OT%^ I it Wff 



toJtitoto *tft<^ ^ wf% ctct snprfir i ^ i i o i 

Tr%ft5RT% *P^fa I ^ I o I o | o'|| iT^f arro ws HK f 

«R^*r *>t^ 1 ftcftonr%?ff2Rtq- 1 <rforgr ^re^pta 
I ^ srfc: 'y§it wfo I 



^T^f^f^f I ^ I o || wtitfti | ^ , ^ n tffc^ 5^ 

^mrqfr^r f^Kf i ^ ^Prefer ^w^^Rfr spt^t 

mffft^^^ gtojfaf 

froro jtotc. s^ft^r tsanf ^ tfrorW 3330* ^fr: 



5^ <st uplift? 

1 

2 3 4 

i q# sftsrcOTf'TTO i qf^n^ i *m sftsr- 
*r*RT<r i *F5*sftspfi% *rer*r q^r i ^dfa ^en^r^ i 

5 6 7 

TTrT^q^r5#Tr f^TTf^T *TfcT?RcT>T>mfa II? £11 

1. All other Mss. read q*^. 

2. K sftsrRT. 

3. ii ^r^T?f. 

4. om. this verse. 

D 2 ins. KU, ii. 2-3 after 18; then 

A 2 . Di. K. N. N 2 . P add ^"fare^R etc. after 18. 

5. KBM Jrra«R«5lTo. 

6. Bh 5 . K iTcrTTCq-^^To, 



T^JT^rr^^t Trefa I T^T W^cTT ITT: sp^TTs I ^ST ^W^T 

: i *r ^remfa: srf^^t^-^ sreftm: i fa- tct^rt- 
irefa i it^t^tt^ i fa^Tfe^Tfa ri^nf?r i 

I *, I I o I o || | I * I ^ I o | o || 5ft | Y | $o | 

o i o ii ^ i x i u i ° i ° ii 1 3 i ^ i o i o ii r^fr 

Contd. from p. 82. 

7. The second chapter in Bh 5 . P ends. 
A 2 . D lt D 2 . K. N. N 2 add after 19: 

The second chapter in A 2 . D x . D 2 . N. N 2 ends. 
K cont. with KU, ii. 1-3. The second chapter ends, 
Nj gives 1 9 after ii. 7, 



^l^|o|o|||l^lVloloU3ft |\3l^o|o|o 
$ I ^ I ?*U ° I ° II *ft I S I V I o I o II ^^T%*3TfuT | 

^ft^?rT 1 sr^r^rfq- srcw^ i to i *ft i 

o I I o I o H | | \ | ^ I o I o || sft I o I \* I o | o II 
$-1 VI VI o I o || I o | | o I o || SPT ^TTr^t 

<re^rr3far*R%r£Tfw i ^resrcmt i Trf^r- 

q-qr I ^ft I ^ I ^ I o | o || | | k | l o | o || sft I ^ I ^ I 

o I o II J£ I K I ^3 I o I o I' ST I H I %o I o I o II m 

TTfa^FT ^sf ^^fcTTTnT: ^SETO I ?T3;%?T TO I f I \ I 
^ I o I o || ^ | o I ^ I o I o || s^^ft: ^risOTT^ I 
TTfSRRT^ TO*TFTT f^T I TT#FT5*ir¥ ^PTT: 3J^T I 
?T^%5T TO I | l^o I $. | o I o II ^ 1 ^ I ^ I o | o || 

<*t^HTR? I 

%?ff^r tot ^FRrreS^n^ fen'sraV^T^ ii 
struct ^rp^iTT^crrrqRT TparTOsrero ^^ftr^fa 

^3^%^^^^ I <T5^ f^mtrotePT^ | ^ 



^sfa% ^TT^t i tj^ for m^j <ptt% j^fa ^ *$^f^ 



1. D x . P add before 1 : 

Dj gives iii. 5 after 1. 
D 2 gives 1 after i. 20. 
It begins this chapter with iii. 4; then 

Then iii. 2. 

Bh 5 adds after 1 : 

l 

[I. KBM gives it as iii. 2. It is not found in any other 
Ms.]. 

A 2 . K. N. N 2 . P repeat 3gr%?j ete. (n. 7 to i. 6). 
Then i\fa<ni etc. (above) . 



% *r*rfq" fafsRsnrTfsRTre rr=r sstt^rtt i 

2 

: 

1. D x om. this verse. 
D 2 adds after 2 : 

Then iii. 5. 

2. D-^ D a give this verse in the first chapter. 



1. Though introduced by 'm--^'* BhaUotpala 
claims this verse to be his own (text p. 19). 



St; 



fa^T^T fa^T: swwr I ^ftfcR^f^ srer^rfa?^: 13^11 

*ft?T^T I ^%fnft" I ^95 St II Will ^3 fall 
3^3 3> II W f% II II ^ 5 II W ffN" I) 

^ SNI T II Wf I' ^ l> 



1 . Dj^ om. this verse. 



1 

*n^T: *hjST*5TT^ft W -#aTT: II 

vr^r wnfe Tsft srf^rcq- ct*tt# ^titji 

ZTR-^f ^TfePRT . fopicTT?rr ^TfWRf TTfatr<?TtJTr %j 



] . A 2 . N add after this line : 

fasf^r?^ etc ' fT^ftW etc. (for both n. 1 to iii. 2); 
then cTR^Tf^PFetc, etc., ete. (for all n. 3 to i. 7). 



^ ^TT^cft TT^rq": s^qr: i q^q - ^tst: sn^sft ^req^qt ?t 

srs^q frr q" rnqn^q- fa?r%q; i sr^n c cr fa^TT: i j^fa tr<T 

^rrfcqjsraTfo^ ^refsqTT%q/r £cqq i q^r f% Ti^nfe 
*p?f i qq ^m^m i 

?r*q% i ^r^r ^fftr: ^#tfir*r<Tf <q- ^crshRrpft $r**reh <rsfa 

5T^*T ^TFFTT^q W^qto> ?TT^ | cf^q ^jfq- ^ 
i 

^T*q fatcTT ^TT WTTCtfT ^T^fa: ^T#: I 
1. f$RTr ^T^jt will be more correct metrically. 



sresrrer: *=r*re#^ f^Rri^r ^TfcT: n 

1 

1. J om. this line. 

D-l. K. N 2 . P add after 5 faWRTC etc 
(n. 1 to iii. 2). 

D x . N 2 . P cont. with fasf'Ttol etc (n. 1 to iii. 2). 

N 2 . P cont. with, D 1 repeats, D 2 adds after 5, and after 

fa«T«CT?cre etc, (above) K adds cn^Tfa^ etc., vt®j 

etc. and ^ etc. (for all n. 3 to i. 7). 

D v D 2 . K. N 2 . P cont. with and N after 5 add : 

D 2 . K. N. N a . P cont. with and D x repeats Trf^T*l% etc. 
and sr«i^r etc. (both n. 3 to i. 7). 
D r D 2 . K. N. N 2 . P cont. with 

i 

[1. D 2 reads the second line as : 

A 2 after 5 adds gq?? etc. (above); then rjTtwft etc., 
^TT^Tfa^ etc., sfter etc., etc., srsi^ etc. (for all n. 3 
to i. 7); then ^ftr etc. (above). 



^^PT^fq" | ^spT^q- ^g^TT SRRTTSpl" 

^^f^ft^l 

fq% 1 <r ?TTf?^T^T-crTT^^Tsr'n^?T jqffkr: 1 sTBST^rfor: 

^fipTsqT: 1 ^•fs^r^ffTT I F^fbfTR^qsptorf: I 

*pRnnTTf^ 5fN^Rr 1 q# ^ fTOfts^rf ?rqfa 1 ^ snfe- 
^^^0^^^ qrq^> Trepqi: fw^%*q : tff sqf% 



^TTTTT: I <P3*IT ^;5°^r frFcTTfe^ ^tf^ I cT^TT- 



^Pf qr^T ^T^T r^<?t *P*fa I STfOT^T I frSTmfor- 

1 

2 * 

3 

4 

istsrosmm: ^gprgnron fon^r ^ u ? it 

W : 

1. i 2 Trf5i^r«n^. 

A 2 . Bh 5 ^ TTf^TTT^TI^. 

2. Bh 5 has iii. 12, 11, 7 after 6. 
N 2 has iii. 12, 8 after 6. 

3. I 2 ojuiipri^o. 

4. N x om. this verse. 
D 2 adds after 7 : 

N 2 has iii. 9, 8, 10 after 7. 



^ ^FTT ?T^: ^Rfh^TT: I 2^%^ ^mtT faSRT 

^A^mw. i rrt sffar gi^rfrr: ^.5^ egr^* f^nr^ 

W I f^T*f T«TJf: I cT^T ^TT I I ?T^^^^: I 
1 

2 



1. Bh t . D 2 o|faT«. 

2. N t has iii. 13-16, 11 after 9. 



1 

2 3 

^ f^qtoT«r:fe*ra> fggftrat ^T: II 

1. N. N 2 . P ofrf^fro, 

2. D x ^fa^?T. 

3. Bh 7 begins with this verse. Previous pages are missing. 
N x om. this verse. 

D 2 has the second line as follows : 

Bh 5 has iii. 13 after 10. 

A 2 . Bh 7 . D 1# K. N. N 2 . P add after 10 : 



^TfeRT^T I JTwT5«f <Tf*f TRft fa^T I 

?K II ?Tlc>nTT 5fWcft STTcT: I W II ^ ys5^Tm:f^«Rfts?T 
nil #TcT: I WH ^q" f^RTf TTT*t ^ I ^ u 

^^ftf^ I II WOt&l 3TR*T I ^ II q-sr: %T>S^ I 

1 2 

1. D 2 . K o^ST'TT. 

2. Bh 5 gives this verse after Hi. 12, 



5.5 



^w|ppff?F fafWcT^: i eta t>rs% *3cr i TTftrwr 
afar i f^jr m$ i 1%*^ f*r^r | ^T^=5^TT^ I 

. * *\ 

sr^fRT ^resrftr: g^tt fag^^ifa fa^T^rT^ ^tw- 

2. (contd.) 

D 2 adds after 11: : 

The first line of KU, i. 6; then 

N, gives KU, i. 12 after 11. 
The third chapter of N x ends. 
1. Bh § gives this verse after iii. 6, 



<refa: S^g^T SUfarrof: I fa^l*^ sfaT 

f^cTT^T 'TfTf^T cFlTrf^FrTT: ^jPsTCF^jpTT ^fa afar ^R? I 

sra* i fe<fa Ts^r^r t <j<fa ^fwfr: i 

1. (contd.) 

D 2 adds after 12 : 

*r^ir=r f%^r?f f^rfa fort tr^t ii 

l. N 



^«rr : 7i *req% i.^tpnf^TF^f^iP'TwiRT 

§n"qr ?r*fa\ i 

1 

feiwRq- f^rafasq' qr zn^rsrirm^ir ^r*re*r wqr ^cf 

1. A 2 . Bh 7 . D 3 . D 2 . K, N. N a . P add after 14 : 
Bh 7 . Dj. D 2 . cont. with 

■> > 

(, This line is first half of BSS, iii. 46, 



fo^ 2T^T ^ft^T ^ rT^ STTiftf^m I 

2 

W : 

1. N STTTO. 

2. This verse is BSS, iii. 44. 

A 2 N add ^^sfNrwrfasp etc. 
(n. 1 to iii. i4) after 15. 

1 . These words are missing in the Ms. 

2. The second Pada is not metrically correct. 



G "MUSIS* 



jfr^jar tot ^r??f i q^rssr <tft ^^rfTfa mi i <r£r?fr- 
forswore sfpfr^r *rcfr«r *r??nrfa *r tot: ^rf^f fesrfTTcr: i 

^5:"R^RT^^^# ^Rfr^T ^T^TSTT^TT t <TiW WT- 

5n*r*2T: 33TT«T 5T^*d% *r ^>t«t: yrt^ f^M: I UqRT|f 

1. This verse is BSS, iii. 45. 

The third chapter in A 2 . B. Bh 5 . D v 

N. P ends here. 

Bh 7 . D 2 . N 2 add after 16 : 

The third chapter in Bh 7 . D 2 ends. 

N 2 cont. with 3^4hrrwrM etc. (n. 1 to iii. 14). 

The third chapter in N 2 ends. 

K adds after 16 



^?T^ I 'TOPIS MI>JHI«I q$*zt I TwTT- 

^T5*RfaT ?T ^ fa^TSjfaH"" f^TT Sfa^ sF*l?ir 



6 



1. (contd.) 

Then KU, i. 12; then wngs etc., WT*** etc. (for both 
n. 1 to iii. 12); then KU, iii. 1-3. 
The third chapter in K ends. 



i^i^r^ft^: l II ^ ffffm^Tfgaf^ 

I S^TT fwsjfaq^^: I II qsf f^f ^wfa 

5TCTtafa%* I II JT^T^f -TOT ^SRTftpT?- 

tot ?rTf^ca>^:oTiTT^ i 



snfam ?n^?rra^ft «rf^T: tfw^^q" sarafan mr. t 
Ti^^^nh 5^fhn: i <p^t fcnrsq" ^snfN" fcRffsnfa" wfr 

i 

^ : 

1. Bh 7 begins this chapter with App. I. 1. 55-57. 
Then iv. 1. 

N adds App. I. 1. 55-56 before and App. I. I. 57 after 
this line. 

1. This is BSS, iv. 4. 

Following Pfthudaka this is not included in the text 
(KSG, p. 91). 



i 



1. A 2 adds before 1 : 

Then App. I. 1. 55-56. 

A 2 adds App. I. l. 57 after 1. 

D 2 . P add and D ± repeats App. I. 1. 55-57 before 1. 
D 2 adds after 1 : 

%fo T5^irKn5rv^ i Then KU, iv. 1-2. 

Then 

^ sr^n^ ?5Hf?r«iRf ii 

tff'fM S^R^fa 1 ifM ^ II 
Then KU, iv. 3. 

K adds App. I. 1. 55-56 before 1; then 

*T<nn% ^«jfft%?!g3m ? j tt?t 11 
Then App. I. 1. 57. 
N 1 adds before 1 : 
KU, i. 2-3; iv. 1-2. 

N 8 adds before 1, App. I. 1. 55-56; then 



3 



1. (contd.) 

^rr?fttT^^rr qfm: sr^^rr: surer: i 
3f^rerefNfl&TT ^qrfaw^ few: 11 
Then App. I. 1. 57. 

1. D 2 ^ft. 

2. Bh 5 . KBM read 

3. This is BSS, iv. 6. 

B. Bh 5 . D v K. KBM. N a read 

D 2 reads 

^^ncsirtiTTTfasiTfasn: sr^r gcr torn nfrrnm u 



^fcT II 

^ srrfraT^nr i sFTzfrrfr f ^r#ppf^ i <rs*nfefa: 
^^cnr^n =ptt: i „ 

1. P adds after this line : 

2. This line is second half of BSS, iv. 7. 
N x om. this verse. 



12 3 "4 

^r^jt^f^ ^rraferf ^t?t fTT^ softer JT^rRr 

5 

6 

^^?Tf?T &HT?^T ^ 11*11 

1. N sffanr. K sft^. D x sft^T. I 2 ?ft^T. 

2. Ms. omits T^". Without it formula would be incorrect. 

3. P ofaTR?£ 

4. The second line is the second line of BSS, iv, 8. 

5. B. Bh 7 . K o^rr. 

6. A 2 . Bh 7 . D v K.N. N 2 . P add after 5 : 



fkm: I fa ^T: fN^HPT I ^ ^fhjp: ft«R3pf rn^q spTCT 
TOTTflTW fa^T: I fa ^1: farmiT I tt^ ^^ar^ 

fa vr^ftTq-q-: fsprefcfa I fa Wlf?r I & ^1%^^- 
f5R>T: *$2T wT?cT I ST ^ t>£<T> faffoTTOTfSRrt 



sn^pr*^ - ^ i 
s#^ta ^r^f^f ^rfa i 

i 



1. D A om. this verse. 

A 2 . Bh 7 . D 2 . K. N. N 2 . P after 6 and D 1 after ?<T5r??;ft- 
iftWnr etc. (n. 6 to iv. 5) add : 

1. This is BSS, iv. 10. Following Prthudaka it is not in- 
cluded in the text (KSG, pp. 94-97). 



1. (contd.) 

<rrarrf?wfaw<T: spfeers^ffwtR *pt: I 

iftwt fsnftvRHNr^ ftw^^r^ ii 
gsrcrtfr^ wr^n: qft^nsf *r?r itt^: n 

Bh 7 . D x . D 2 . K. N 2 . P cont. with 

N after ^ffft^JTT^?T^ etc. (above) adds: 
vi. 1-2, 4 (repeated in sixth chapter) ; then 



^PT: I tr^fr^ jffen<r ^#^?T tfmsPF*" ^l^Tf^^T ^for I 
crT^f7Tfcr$f3#T: sptfe^g^fcJT^ TO I 

sqiW : 

1. These are BSS, iv. 11-12. 

2, These are BSS, iv, 13-14, 



3%: tfsftW Tfe^T TT^cT^T f^^TTWT^ ^fefnfe 

q^qrszprr: «PM: T^^g ^TFT: I ^pfoftiT'T *«TT^* 

s^f^r fq-jft^R^T^pp feiRW faster frjfta^rat 



1. This is BSS, iv. 15. 

Following Prthudaka, BSS, iv. 11-15 have not been in- 
cluded in the text (KSG, pp. 98-99). 



1 2 

3 4 

1. D 2 oc^fo. 

2. K otztt^, 

3. D 1 tf:. 

4. The fourth chapter in B. Bh 5 finishes here. 
A 2 adds after 7 : 

T^^reirift etc., sFTif%5F£# etc. (for both n. 1 to iv. 6); 
then 

The fourth chapter in A 2 then finishes. 
Bh 7 . D x . D 2 . K. N 2 . P add after 7 : 
q37F*rfc?ft etc. (above). 

The fourth chapter in Bh 7 . D v K. N 2 . P then finishes, 
D 2 cont. with KU, iv. 7-21. 
The fourth chapter then finishes. 



inf^feTO^r^jT^a^rt mw- ' ^^FT ^antf* 3*w- 
f^"*T5TTT Tj f st^ i m ^re*r^fa*rprf i 

3<rf: $^tt srtoT fcrarr ^fcT II 

^TFfcsPRteT 5IT a T T T' I TT<T ^TC^*^ II 
rrcf fffiTOf ^T^TcT RFftfrTTfc^T ^ tfT^TT I ^TT 

^qf^i^mT'T: g^rcft: w^^tt**?: i i 

4. (contd.) 

N adds after 7 : 

SFTfarsr^ etc. (n. 1 to iv 6); then t^Tr^fesft etc. 
(above) . 

The fourth chapter then finishes. 

adds after 7 : 
KU, iv. 4, 5, 7, 9, 18, 17. 
The fourth chapter then finishes. 



i 

feiTTsrfcfq Ti*qwt sinsfsmt n n 

qK^TCqf <J %5RFT cT<?W 1 ^t^T^TiTT 

2 

^#r5frm°t*qfwqq^qTq n 



1. OT^T?f»TsirT|f* would comply with ssffa metre. 

2. The fourth qT? is not metrically correct. 



^ 11 W 11 11 3 V? 11 ^thw^ 

q-^T^ ?RT c ercf?r: TOW I fa^TCnr TOT*^ I 

^Ff^rf% fern re*n wnrqf TTnnf^T: ^rcf: 1 ftar 

TTTTffiT f^nr^TT^T^rtr^T ft^ qfe^JTT I tff^T ^TT^f JTtoV 

^*th 3tRT <prrct ^tt^ ^rfe^rRf 1 tot ^ 1 

*rer<?t sf^re *rfarr <gn$ ^fiair ?f m 11 ^fer 11 

fa^r: 1 ?5 j^frmt srefcr 1 fat fkwm*ti 1 q# form 

^trT^T ^fST^ ST^T^ft iw. I =3" 5^^%- 

g*T^> ^'^sitt: I SHT ^TOTT *TTTT«%T ^Rt^TT ^^cfT: I 



1% i . 

fopfrr ^Frrerr s^tt^t j%Jir<ra;T%fa afonfasffar ^t*t? i 



5% *Tffar*rfsrcfanirr ^^rrercjfrftfV 



1. This is BSS, iv. 18. 

Following Prthudaka, this verse is not included 
the text (KSG, pp. 100-101). 



! 

^ftrcTm^m B3fa?tmi$^: <*>^ far inn 

2 

ev 

1. D 2 ftfaw^^fosffT^gfafaM^mTJT I 

2. Bh 7 adds after 2 : 



wfem 1 m sfteT is$ 1 ^ 1 3=5^ 1 f^r^rr^^: i 

2. (contd.) 

A 2 . D v D 2 . K.N. N 2 . P add after 2 : 
ife ^4 etc. (above). 

A 2 . D l4 K. N. N 2 . P cont. with tfsrsrfa etc. (above). 
D 2 after qfe wr etc. (above) cont. with 5r^"ffT^ri^^ff 
etc. (above); then Tfsrerfsjr etc. (above); then 

1. This is first half of BSS, v, 22. 



^Rr^srforrfVT: s$sT^|faf <p^tf from 

^fpt: 1 ^ ^^rc^q; ^TT^^F^r^^r ^% 1 

l.SF5T#wffcr TRf I 

sm*n*rf 1 

1 

1. This is BSS, v. 7. 

Following PAhadaka, it is not included in the 
text (KSG, pp. 103-5). 



1 2 

<rw q-^^rr ^tft^t^c^ torn: sfpt?: i cr^r *sr^rrcnrmT 

faw sfST*rT: SSTJ^T: 1 rTcT: ^jR^TSTHT f^qT5TT?fPTSTisrRT 

^^rt^^^^t ^ft^ i ^ f^r sr^refr tot 

fof^> faSfft ^fa ^TT 5fclfe3)W*rHT fonfRffa I §7qt 

3 

1. K o^t. 

2. D 1 om, the first line. 
D 2 om. this verse. 

3. D 2 adds after 4 : 



JT^I^FSfoSTq^ ^ f<R# #T: ^aj: I fa#T: 
*F^r: I q# ^sf^qt ?R% I *T ^ fe$f 7: ^*RtR: I 
^ ift?r fonrR^ t .fazffr aftsfsR^q 1 qT for STT 

w fefifcr i cR fasrfar ^v^^zw^m^m ^ssnr i 

Rrf<Rffcc^^qW3f *>r i <rm^*TR3foR5iR s$3fa$R: 
*rerter: i v<z ^ <tct sr^nrR: i *r ^rfa crsr 
^wtftfr ^ i ^%^ifaq*rRT3Rta' <rt 

^^^^ I 2RlfW rT3T SR^^R I *R 5TT^T ^JTR^rI- 

^ crt^hrr *ft»r^ i ^siftr ^fNFRwn*srR5R^f 
^RRRfeTfeRm^R^re^%^fa ^d^Rrwn^r- 

fsPT^srfs^T I t^tfte ft«TR*f fa*R?# ^ 5T«TO 

^Tf<JR% «r^T^f^fIT^r <TR f R*rt^ f%«r^#f%^f# *J>R I 
crs; wzsi wt^vti i H^ft^OT^T^^Rwft: 
^giq ispssjT fawrRT^crrfa" q^rTfa ?Rf% i i ?f sr*f <»t- 

cRT sR^Rsqf^Rsf ^^fRR^R^TRR wta^rq; i 
irfejr ^fr^r^cr i tftt&m^r str^tr ^r^ i 

^rfsf^nr $rt ^TfRfasM ^rcf i <r: sefr^rt 
fer^wRms?nTRRr ^ #rfa?ftTPRr str^t- 

3. (contd.) 

a^R^r fwf^isr for ^ ??rreff jof 5Rtai*rT i 



*tptt: i #^%^f^f^nrf?tf ^'f i <=r 

cleft fafrw^Tfe^T *prt gfafatrqiTTTT: I ^: s?Rfqr 

siP*?3troKr$q farmer forfo?^ *>nrara i 

1 

^ 2 3 4 

jpt crcwjcTpag^ ^ ii^ii 

1. D 2 og^TrT. 

2. K ozrfao. 

3. All Mss. eccepting Bh 5 give oij«%. 

4. The fifth chapter in B. Bh 5 . N 1 finishes. 
A 2 adds after 6 : 

sm^wF^TJRrfff fo^T^r ffsrfcre^R ste*^ i 
vfk^sj ^mmz^wi^fki; shrift: u 



4. (contd.) 

The fifth chapter then finishes. 

Bh 7 after 6 adds srfa^>r* etc irufsRj etc., 

STfer^srrg: etc., !frm^""TO: (all above). 

The fifth chapter then finishes. 

D x . K. P add after 6 : 

Then srnrow etc., Jrafepfr etc. (both above). 

D a . K. P cont. with and D 2 . N 2 add after 6 : 

STfir^VTf :' etc. (above). 

The fifth chapter in D ± ends. 

D 2 . K. N 2 . P cont. with ffraTcT etc. above. 

The fifth chapter in D 9 . N 2 . P ends. 

K cont. with sfa srifeew^wrfa^rc: i m sr^wt^rnr i 
Then KU, iv. 1-2; then ^?f<TTU<r etc., facsftf^ etc., 
^^ifT^etc. (for all n. 1 to iv. l); then KU, iv. 3-23. 
The fifth chapter in K ends. 

N adds after 6, sn^siwR etc., zr?rfV*P etc., *n=sRT??rc etc., 
^TTT%% etc. (all above); then 
^ erf JTcf faRsre ^R^f*r: i 

then srftnr^Tf: etc., etc. (for both above). 

The fifth chapter then finishes. 



v(3 1 fa^arra; ft«rfas%;r fffcp^ncr i st^^p^' 
tow: 1 ?i«Rr5^T ^^^^Rg^ i arat^atsp^ta 

RpHi^rRr ftqftTCvR" fftajrFT^ 5^5*1 RT" fsprefsr- 



q"^mf%^ q^cf rf^T <T$#iT Sf^^urf^q-c^ 3pr I 
! ^r =q- ft^c^fajTsN" ^^Tfffar ST^T^T 
foqTTTUTCq- ^OT^q^TR c<5RT>?TCftfff I ^JTrfefaW^T- 

sw^n: sqi^n^ f fer 1 fersq^^^fesnpTT: 1 
^^q^^rfa^rR^cr ft«r^^<j ^i^Tfa^^^fcqwsr 

^rfcr ^ ^Kfsqrr | cleft qe^sr^FTfa T^TOpT- 

^nrt: ^rJ^sftr ^pw^^f "*rqfa ^^qT^w 

^pMfo^sfq 1 sq^^q^fsr^ *rct>r ^sqr^or 

w^T ^fa 5f?rff^^^T»Tcr ^"q^farer *r error ^r rrq>#*3- 
nq^q 1 f^r cn^rfW% f^fcr^r 1 q# ^ q^rfa 
^■^TOr%^ f^q^f-^r^r 1 fa fw&wi'Rfc&KzwR- 
■fror: ^mf: 1 ft*rf%^*f ^ ^r^^fr^f^irc? Tf^r^^T^TT^q' tr*r- 

^tt ^mfeRwr^fa ^*^T^%^fe^qf^cq^?^ ^ 
^sq"iT I cTPT ^ ^sRSq" irsq^ur^Fq^T s^crr qW 
f^qT <ii^Tfa% ft«r%^^r srW qT 1 srip^T fafaqr 1 



f c^T cn?^Tf^% fe*TcW JTsfacfa fafafTT snT*PT ^FPT I 
frm: FJST ^f-cT I f%OT: 5Rrf[ q^rfsFF: ^ I ?wt- 
cffor^ ^ ST^T fT^T crcmfsfaw^TTfoTT ^d^T: 

s*TF^W 5TT?W)Tf%^ ft«T%?5f ffaf ^PT^; I ST«T cTqH#^#sfqr 

^r^sR^fspfr w^ftr rr^T rT?iT«TT?cfT TOFTfa% forfircSr 



rtfT^FPT: sjrprf: I <T^T ft*l^pf S$£%«P^ spf 
^ifefaw^lfe^TT ^qT^fa^fa^fal^far 

sn^T M^rt i ^''T far^R vpfrsfq- FrafawRRfa^' 

fr^T^?^mc^T%^PT?: I ^ f^T fafalff 3>PT^ ! 
^PI^ I SPpRfr f^fspTT I ^^RtTTSRT 3>Pf ^TRcT 

*ft^PTf^>T:- ^f-ef I farefa^Tt *ftfST^: I 

foap% ?f#5rr srfw^TH Tfofl^T rf cjrpjir | ^nfefa- 

f(T«iRr: fare i <fa> ^^^TTTT^fcr <rafap%sr fanr^ 
€Rff «spf enfold: *t^pt sfa i q*nta jfter i ?t«t 

wmwz farmer S5fr^.?^aR^Tf?m: ^pt?: i faTrcMifa 



^ s^fa ^fto*T q^ifr ^uf qj^r ftqt fa^^r- 

3*TT*q W^fcT I 8^ ^ ^fTcTT fjR^TTO^PFT 

^nr Tgpfhjq-^^T^r ^rq m^fk»rc¥$q , fafrqf *rq|% i 5i§?*fterc- 
fa*r?M tos ^fa I ^T^^Wr^T^Tf^FT: prefer 1 

^ ^fJRfp^T fer^tf =FRq^f I 



STP^WTCTf cT fa«RrT3 falfa^ I 

1 

!Rrasf ^t^Tfe^ 11 
srfcr^Tg: sg^fasrcw crf?«rf^r?^r s^gfaRT: i 

2 

1. These are BSS, v. 14-15. 

Following Prthudaka they are not included in the text 
(KSG, p. 114). 

2. This is BSS, v. 18. 

Following Prthudaka it is not included in the text 
(KSG, p. 116). 



^vrf%% Rr«EP% ^fter* 1 ^W^^rT^Tfafa sr^ t^wi^- 
eft%% f%r«=r=%- zft^ i dire^r qfT^^q- ^f^fr^ 3n*r «i"T 

cTsrff^f sp^PT l cfa ft^^fT SRtffaT TT^f^fT: S^ST 
^fo^T^fa SRT^FTfa^T T>^T%%^ srfST^ SR^^T 

crir^PTfa^ fe^qf tftfz qf^^r ^ ^t: ^t*t : i 

i 

1. This is BSS, v. 19. 

Following Pfthudaka this is not included in the text 
(KSG, p. 117). 



q-fe^ur VT^cT^iT f^nT^^n^ sffc^Tfe'W #£ft^sf 

fkm: i tot ^fdw^ra^H^rt^: *raffai sto^f 

^f^Tsfr 5Hr^re>Tfa%?T *lt$T^Tfa%*T ^fa^TM 



s?«fr i T^mf ss<m: i i^^Mf^nrtTTfei- 



sq^im^r ^srmrforcr f?r^ ii 
fa£q sqg^ i f^^qr^ ^ ^ sqg*^ i 

2 

fcfs^rawsmgfaraT qwrsftw f ^tt qw i 

f%?rq; sfanfrrsfiNrT qw? i ?tt q^ifcg^ i ^ft^r- 
qjiT^T ^ T^q^ ^^sqwrg^r i ^*rrefq f^Rrq; 

sffsn q>Ti? i qwRft^g^ - i ^ f% %^«ftaFFc3T- 
q^^ftw ^rq^nfrraT fwnr q^T 3q?pRi% i 

eqT^TT : 

1. This is BSS, vi. 2. 

Following Prthudaka this is not included in the text 

(KSG, p. 120). 

2. This is the first line of viii, 2 and is quoted here. 



| ; | | | o || | | o | ^ | | o II 3f> I o | l\ | 
I o || ^ I I I 1%. I ^ I o || Jj[ I o I ^ I I o i| q^ft 

sfcn: feq^T ?ref% i ^tt *rf> f^r?^f i s^crfttfrrrcq- i 

Gftesr gftw i srs^rfq- i tft i ^ it % i ii sft i 30 11 
^ 1 ^0$. 11 1 \\ 11 

1 

zzftm tf^T I TTr%T2% l jt^t Trcfa 

fawt^ \v\ 1 H3 11 1 1 11 ^ft 1 11 ^ 1 *s 11 1 
11 ct^t f^qr^^^qT^T 1 f*rc*F% 1 ^ft 1 ^ 11 ^ 1 
^oic n 5ft 1 11 ^ 1 ^s. 11 ^ 1 ^ 11 %?^?rr>n% 

2 

^TJutt: fpn^TT^ I f^T^^rrc: I ^ ^itt: 1 ^nfw I 
tftormhnr: 1 q-jft st 1 ^gfrRft f^r%: 1 qraf^rr: 1 
sr^tssj 1 1 ?Rft%: 1 ^qrrm^TT: 1 tw.^z i s^ott: 1 

wfe 1 ^^Trm^rT: 1 ^ 1 ^r^n 1 1 ^t'h^t^t: i 
^%?nfq" 1 tft 1 vo 11 ^ 1 11 ^ft 1 do 11 351 n ^ 1 

'^00 11 CT^-crf WPTRt fa^T WFTC^TTHn^T TT^RT: 
f^TT^TT TTcTT: I ?ft I \ I ^° I ° I o ,| | I o I I o I o || 
3ftl^|^o|o|ol|^|^|o|o|ol|?ri^|^o|o|oH 

1, This is the second line of viii. 2 and is quoted here. 

2. This is the first line of viii. 1 and is quoted here. 



5RT^ I §sifa£q: I T^rr: <re I SSTJOTT: I srfe I sfrrar I sppf 

I l || 3ft o | II ^ I || I || TT^t 

wrar: i ^r^ng^ i *i**nq; q^if ^q q^^ftscErfsr^T: 
^f^qr irafcr i '5r*m?q«Tfa£q ^1% stfftr^ i 

?lf^ 5fTT% f^q: feRt rffr^ ^T^T^Tfaqftq^qr; I 

I^sotW*^ q^ f^m: fe^ <=rw ^nft: ^ftsft crT^faqft- 

^T^qt^Rfftif qr^f farter q*ra%?s i m 
^h^jf^^n^^j^R^ qTcf forter qra%?5 ^% i 

%^Tcf fsRRT *FT%fa 5ft^Tf^T^f^T ^TO? I 5TT ^ft^TTTcfft^'T 

f^q: fsp^ ^for^ ^jft ^t^t%^ ^ t^qi 



1. This is the second line of viii. 1 and is quoted here. 

2. This is viii. 5 and is quoted here. 



q3rftnT?*t: sfo^ssts^ ^5fj> q- 5^ 1 ferret Q&fa 1 
eh^r 1 qs^sr s^trt: srt^t *fk^ i srw 

■ 

1. B begins this chapter with vi. 2; then vi. 3; then the 
first line of vi. 1; then the chapter finishes. 
The commentary, however, explains the second line of 
vi. 1 and vi. 4. 
A 2 . Bh 7 add before ] ; 

jTr^ffoT^jfr ^fasift T%7fsr^f^r: 1 

D x . K. N. N 2 . P add before 1 : 

etc., STT^T etc., STT^rr etc. (all above). 
K. N. N 2 cont. with viii, 2, 1, 5. 



qfe pre s^sKPTjfr 3T Wer <t?t ^^ts^f^^Tf^: 

cfr^oq-; | q-^r^^JT^T%^: I cRR^T ^ufef I 

i 

^^TTTfeprq - ' S^TT viffaT EFT^f I tffrnn^ sftWT cT^ 

n. ii ^ n n 3$ ti ^ n h n *rf^nr ^ ifcfr^T 

JTt^T^T^ 1 >ft*JRH^%;T t>^# ^3°* ^T^T: 

q^^rerfsr^f^rfa: ^r#few: i w n srssf f^Rnfe tot i 
sfharr: i ^ w*tr. i ^rarrrTTf^rwr sr^t *t?t ir«TTf^Tftnr2% 

q^^f^^t Wfcf I 



: 

J. D 2 om. this verse, 



i 



1. This is BSS, vi. 4. 

D 2 begins this chapter with etc., JTT^T^cT etc., 

STT^qT etc. (for all n. 1 to vi. 1); viii. 2, 1; KU, v. 2; 
then vi. 3; then 

Then vi. 1 ; then KU, v. 3-4 then 

^v^t irwgr n 

Then srfafor etc., SRRerfj^r etc. (n. 1 to iv. 6). Then 

d?TT^?T fa^T?^ ^*Tflft*T?F I 

<£>far crs^ jfrrerra - : ?qrcT u 

sNsnqfwq" ?ftiT?3T fafg: I 

Then KU, v. 5-9; then 

Then KU, v. 10, 12, 11. 
Then the sixth chapter ends. 



?rrt T^jfk <w f^^^3"far jt| «r?r^f qr ^fr^ i 
ifa I 

1. This is BSS, vi. 5. 

B om. this verse, though it is explained in the 

commentary. 

D 2 om. this verse. 

A 2 . Bh 7 add after 4 : 

cTT: 13t?TT: etc., ap&Rrc etc., nf^nftT etc. (for all n. 1 to 
vi. 3); then 9fafe?T etc., (T??R^fe*T etc, (for both n. 1 
to iv. 6). A 2 cont. with 

The sixth chapter in A 2 ends. 
Bh 7 after ^T^foPT adds: 

3^T1W etc. (n. 1 to vi. 3); then TTfer etc. (above); 
then 



S^^faffoT^^R^TTTSp^ I <Tf^TZTT*TTfeTT- 
1. (contd.) 

The sixth chapter in Bh 7 ends. 
Bh 5 adds Tlf^T etc. (above) after 4. 
The sixth chapter in Bh 5 ends. 
The sixth chapter in N x finishes after 4. 
. K. N 2 add after 4 : 

K. N 2 cont. with and after 4, Dj. N. P add ar: srf^n 
etc., SRTT'fTT etc., and Jiftzfta" etc. (for all n. 1 tovi. 3); 
then srfafefr etc. (n. 1 to iv. 6). 
D x . K. N 2 . P cont. with ^cT^fe^r etc. (n. 1 to iv. 6); 
S^TCT etc. (n. 1 to vi. 3). 

D t . K. N 2 . P cont. with and after JTfafor etc. ^ above) 

N adds TT% etc. (above). 

The sixth chapter in D x . N. N 2 . P ends. 

K cont. with KU. v. 1-12. 

The sixth chapter in K ends. 



c e. 

5 WTO: tf£ fa^R: ^t4: I f^mfiTT'ir WW 

3tst ^rfs^Tm^ i 

^RrraRft^STFTJT lWfa?r f^RTT: II 

fa ^T#T*% ^#5^ TRcT II 

^TWRRIT 3t^T: I fat Fr^^TT^TRT: ^l?<R I 

55tfa: 5T#fteW I ^oo || ^^^qt^^sBr^^SRR^- 



format =pt% gfteift ^f«r^ sr^^q; i zprta" risrTf^tr^ 

fenSft ^t^ot> irfsr s^r^ft^ i *r*nfsr^ <t?t <rre% 
TTf^n% ^tt% i spF^f aw ^ ^r^w ^nfw^ft ^ : 

°qrw : 

1, This is BSS, vi. 8. 

Following Prthudaka it is not included in the text 
(KSG, pp. 131-32). 



^R: I t* m^Tfr^ sg^Ffrr 5*: ^T<»r. I ^ Tgpfnro- 
*FT% f^" ^Ffapfts*OTlt sfpaT: I ^T?R^R fasR: I 

?TTCT^te^ ^#*flTR«TT WW II 

mm i 5r«r t^t^t^^t i ^ ft eft m^f^ 

3FT?RT33^ ^t^TT STTR^ Fp^&taTOT^ ?RR I <R- 
irRTRR TS^^T^T^S^^^ TreqrfV f> <3T *<E^rT I cTcfT- 
S^RRfsRT ST%R S^nTgtf f^rr TTftFT^ qfa^T I 
rT^ST^WR ?RR I ^S^W^£T*cr^R3fr?7cRT- 

^^rt^f ^T^ft *r ^<tsr *r ^tcchr: ^m: 1 "Mm^Tf 

^s^^RRR^ <rf^n*R ^sfT^TTqt >R% I *pr 

«rf*T% i sr ^sto: qtofareri y»hn s^turr^ 1 g;«ifar*R- 

Epif^spxFff^ ^^TRg^f fRF ^^T^T%^^^RTR 

^?r?r?a* ctJ^tt^ ^t^t 3<jrt i 3*?nfoPHT ^mrer^Rf sn^re^n- 



r^i ^rr^afe^iRMi i qr^rar ft*rcr £TS?t *Hki«PT 

rT^cTT *TT if^TT *JTRT II 
S^wfaSTT: TO: II 



cT^tst^ jtwpw *j^it^f%: ^T ? qrf i 

i 



1. This is BSS, vii. 4. 

Following Frthudaka it is not included in the text 
(KSG, p. 135). 



2 

sttt^t ^rar^rfcr^ nUta fa£<r: spur, i cnftof^ift- 



f 5 ^ : 

1. Aa °9ffT^ : . 

2. N x om. this verse. 

Bh 5 . KBM read as follows : 

A 2 . Bh 7 . D 1 . D 2 . K. N. N 2 . P add before 1 
A 2 . Bh 7 . D 1# D 2 , K. N. N 2 . P add after 1 : 



^^TRcft Tlfa: l SIW S#G[t HT^Tqt ^ZTT^T^ 5ren«*T 



1. Ms. does not give these words. They are essential and, 
therefore, have been restored, 



1 

i 

^ t ^ft^ ^T^r ^rrsrf^rFr fkw&ft ^rfe^T Tm: %l% 

fanfrRTT^f f^Rnf?^ ^t^R>I^I% ^5T zffar'mr- 

szffrr 1 ^"teq-prr f^^r^f 5^TTirr: ^ %fa m^Fifa^: 



1. om. these two verses, 



^iFT'T I m f^T*!T% WfW^r cPft^* SFT^ I ^STTTT^- 

fa^r qr^ifr i <nfa ^ ^fe'r <5*r qWrf^T i 3tT^ q>% ^Isr- 

f^^cpsSiPTT^J^n'Tf ^RFT I ^# frt T^rfa 



1. The Ms. has ^Fiffs^o. ^ is unnecessary as it is 
already in the last verse. 



STIW : 

1, This sentence is unnecessary in view of the above note 



area; ftRnrfarf a^atsf^s^T ^Tff^w: ii 

i 

1% i 



w : 

1. N x om. this verse. 

K om. the second line. 

The seventh chapter in B. Bh 5 finishes. 

A 2 . Bh 7 . D v D 2 . K. N. N 2 . P add after 4 : 

WT^cI STT^TT^t ^fc ftpfo ftssr^ ^"fa II 



l f Metrically this verse is not correct, 



cr^?r f«w ^rr 3T3sr% jre^rf iprsnrm *pof ?r ^w- 
forsrmw $^^r*r ttt^' sn^rr 

1. (contd). 

jft^TT fK^T ^rf 7Tr f5T%f^t: I 

The seventh chapter in A 2 . Bh 7 . D t . D 2 . N. N 2 . P ends 
here. 

K cont. with 

^•^^T>frc|TfT^cft ^-fcf I 

The seventh chapter in K ends here. 



=^3"^ qfT%^q" q-^^ir^f SOTT^T I 
*fc$T rT^f f3p|: ^T4: I <r f%?|* ^ ^ H$ 



STT^T: ^f^pf ^ ? 3" ^ 

asif f^|* wrt *r ftrmftra" 1 



5% ^ft^m^Tf^rm ^^T^f^f €t 



1 

fan^ta ^r%^r ^ sftta: wnr: sr^> ^fjt: i t^rt 

5fa I . 
STRUT : 

1. The metre is a variety of A r ya with 12 Matras 
in tbe fourth Pada. 



1 2 

^tferesTT^mm fa£qv*n g*ju s^ftr: \\\\\ 

3 

1. Bh 5 . Bh 7 . KBM ofafae. 

2. N v om. this verse. 
Bh 7 adds before 1 : 

Bh 7 cont. with and A 2 . D v N. N 2 . P add after I : 
D x cont. with 

D 2 . K begin this chapter with ftrwt^f etc. (above); 
then viii. 3, 1-2. 

3. N x om. this verse. 

D 2 gives the second line as : 

Bh 5 adds after 2 : 



1 

11 4 i 

1 1 

vrf^cTcfYTt^r i ^q^q- srfojzft'fa 37 tttti fairer fe<r- 

o o o ^ 

1 a 1 1 



1. Nj om. this verse. 

1. These words have been restored as this portion of the 
Ms. is stuck to the previous folio. 



1 

*rt: i rn^iT *f^Pn*hnrrf*f ^fa^fa i 

2 

o — 

: 

1. N x om. this verse 

2. Nj om. this verse. 

K gives it in the sixth chapter. 
D 2 adds after 5, KU, vi. 1-4. 



2 3 

1. Bh 5 . KBM read this line as 

2. Bh 5 . KBM o^st:. 

3. B. Be. Bhj show a lacuna in the middle 
of the commentary on this verse. 

They then give KU, i. 1 cd, 2, 3, 4. 

The Mss. then break off in the middle 

of the commentary on 4. 

D 2 om. the second line. 

N x om. the verse. 

Bh 5 adds after 6 : 

The eighth chapter in Bh 5 ends. 
A 2 . Bh 7 . D v D 2 . K. N. N 2 . P add after 6 : 
«T^T T^TTrT Vgtti ^%fiTEiTir I 



^5^r ttttt: i * *nTre% ^Ys/^^t^t: i wfiri 
^in^wre ?r <rere:#?r *|*tY^Y st^ts^ i <tt 

3. (contd.) 

A 2 . Bh 7 . D v K. N. N 2 . P cont. with 
gGHfTO fearer fafa*T^r ^*^T I 

A 2 cont. with fsfarcft etc. (n. 3 to viii. 2). 
The eighth chapter in A 2 *finishes. 
Bh 7 . D v K. N. N 2 . P cont. with 

Bh 7 . D v K. N. N 2 . P cont. with and after 
srfa|sr etc. (above) D 2 adds fsferefr etc. 
{n. 3 to viii. 2), 

The eighth chapter in Bh 7 . D x . D 2 . N. N 2 . P ends. 

K cont. with KU, vi. 1-4, 

The eighth chapter in K then ends, 



TFTW^f ?T«mr tf^ft^T ^rni tt^=t«w I 

zft TT#WT«rf? tfg*frftf fsnrRtara" ii 

^ — ■> 

m^^re*rF*pai farter ^rl^^R i 
fcrsroro *rn^ i s*tfiw% <ot^tct feicf stwhti 

1 

1, This is BSS, x. 50. 

Following Prthudaka it is not included in the text 
(KSG, pp. 147-148). 



ftpsBJ^TO^ ^|fwr: ^ II 
ffol>M fasTO f¥^"J# I^TT ^fa^W I 

tf^fa:^^: I a*#TfT TO I ^zftaft; ^f>: I I 
er^Tfr ifta: I <neftTpT sffa: I ^fttfr I ^"fafT 

JTSprroftfa i ^ jraT^yrtftfr v%v. *^nj ^rnj 

^*TTcT ?BTf%: ^#5?n I cT^T feWl" ^^TT^W ^ ^frf 

Wr-rr i^t ^ft^T^T^r zft*ft faqVr: ^pt: i 
<ft ^f^ft ?tto i <^ft: ^f^Emft^^ftr^t ^r*f^ i 



pcft^»Fr ^ifwrf i^q-f f% sft^r ^ toit tf^pn? sn*^ 
f^r^-: ^nr: i qcf fsFsrafr ^nr^jforr ^nrnrm^ft' t^tjtpt- 

SqjiUlHW gfqWT sqr^Tf JT S^R^ST: II 

^ I © || | 3 | o n 3ft ^ | || ^ V I o || ^ | || 
^T !?cToqT: I I || <| YS(o II sft ^ II 



qmkr ^rapnftr q^R^ifa i Swstot i ircret fori 
m s>mRT?rsiw^ i 



]. Bh 7 has a lacuna after o^ft. 

The next folio starts with K.U, ii. 2. 



1. These are BSS, x. 1-3. 



^"tafawrr ^['tT^Tf^^TT f^r=crrf^ntf% ft ^^N^rrTRT 
o^f^T i fa^ f^nrf»r£»r%Tst qWm sireferer i 

3*r#fft: i 3#q" tt¥5rfinrWf?^?zr i ^T^^fa^rM^- 

*frrerRT sq^ftq^n i rr^r ^qrqf fe^Rqr vm^w i 5% 
faftreMfH^rqT qWrcr aq^fwrT 1 ^t^fq^qT wf: 
^qi%: 1 srfafa &!p#fH3^fa^ftfaft% 1 sfafa 

ffcq% ITTTS^T ^^fW^Tfaf%MTqT: I ask ^?rfa- 
^t: ^^M^^T^T^TT^iqT: I eft foWqWTT W'T: 

fqwn mW^sprr: i <?pr fo^r wr: wftm: i ^ 

T^TqT: I ^ fsRT^TT ^TR" ^IWr qfacTRT sq^RIT i 

5T I o | q | o || ?T I o | | o II ^ | l | \s | (| X) \ 

I I U I ^ II ^ t ^ I 3 I o II ?TT I ^ I I o 1151^1^1 
o II % I ^ I \\ I o H 3* I 3 I {c; I o || Tf I Y I £ I o || 
$ ^ I Yl ^V9 I o || 3 <?M * I *l o || ^ | * | 3 | || fa I 

% I 3 I o II *qr I ^ 1 H I o 1 1 fir 1 \a 1 ^ 1 * 11 q- 1 \s 1 t 

* II 3% I ^3 I H I * II ^ t 5 I ? I o || ^ 5TT I c; I W I o || 

s src I 5 1 1 o 11 ?r 1 5 1 1 11 «r 1 e 1 5 i o 11 *r i 

£ I I o II I I I o II 3 W I \o I ^ I o II S>T i 

^ I \a I o 11 ^ 1 ^ 1 o 1 o 11 

q^^T^^qrf^q-^Tq-f q^q^wr^^^T iwrTq-;?- 
^ sfcw $ft *| £ c qT sfa erg; * 



^grn^r ^n=^?sft ^fa^rfa I 
® sf$T*TT: ^ *ft*ST: giN*Tte5T«PT: II 5 II 

OT^tr ^TCl^PtafaSTrrT II II 

*S3*cTcm f%T51cTT II ^ II 

1. These are BSS, x. 4-9. 



vrmT f%#T: I ffoPFTT: q^lTTT: ! <TScH<sf ) 

WPRf^RrfHr^TT Ttffnn sfepfl M»T: I <tf ^ *FTT 
^f^lT^fr fa#T: I ^TSSr ^TTTTT 5nS?*TT fa£<T: ! 

^rfr fasrq": i ^resr *tit ^^"^ sfsTwi f^ft: i s> 

fcNft TOT: q^^^lf^r^^Tf^^RT ^fiSTnfr f^T: I ^ c cT" 

frorarar sfenti fas* i *pfr tott ^wn: > 

qsfa i q-^er^T i TOT^p^Trc5rfr?r c ciT 

^5FTT <?%ifr Ml: I ^T^TTO: I sufct TOTOft^f^T 

3*rer sfsT*rt fa£q: i ^wfe^r: q^TOnr f^ftfa^n: 

fem; I q^P^TOTO srfa*5TTO 3^Rt fa#T: I tfm: I 

ctott ^rft fkwt: i ^ fat&qnra: i 



II % I o | o || ?T S 1 V3 I o H q | o I o || <J *E ^ 

1 ^ i o H ^ tp ^ i ^ i o ii ^ i n i ° ii fa s i ? i *x 

II ^ I ^ I o || fa ^ I ? I ^3 II W 5 I $ I II ^ 5 
| B I Bo II ^ ^ I q I \o || «J ?TT ^ I X I 11 S ?TT 5 I K I 

© u 5r i ^ i o n «r s i i o ii «r ^ i ^ i o ii ^ 

1 o I ^c; M g; 3 I i o II ^ >T 3" i ^ I o II ^ I o I o II 

3nfr' <tf|*ft i <hrt^ ^ftfar i ^tf|uft ^1%^: snsffa i *ttt- 
^T^Tfw ^f^r^far^ c cTTfa I ^Tfa <Tft%^rfr ^3^%- 



^ i 
^RffRF^: I TO S^g^rfasM WKf: *=rfTO SFSTCTf^ 

Tfirafror i m wreT^^^^ft a§fam*TO 

2 

fiT^fTT ST^S H Ttr^qx: M^ll 

*rc?fa*r?r faf^n f^rfa% feRrreit ctr^^ 



1. This is BSS, x. 10 

2. This is BSS, x. 11. 

A 2 breaks off after this. 



spw T>%jftfo#<nf ?ft5 srfesanfsrert ^ m^t fa£q> 



1. This is BSS, x. 12. 

Bh 5 . N x omit all the verses of this chapter. 
The ninth chapter in Bh 7 . Dj. D 3 . K, N. N 2 . P 
ends here, 



^RTfWTlfWTt JT^T: II 



A few words are illegible. 



yfwtw t^t^t vjttpgs fk^i ^ i 

i 

1. D 2 om. this line. 

2. D x . D 2 . l v N 2 . P ^%^^TT:. 
Bh 5 . KBM ^j^st:. 

3. Nj om. this verse. 



i 

inmnft ^ site* *s*t*ttfstt^5tt^^t h^m 

W II cTTOTTO^: STfM^fafrpsrf'TT ^szr: I 
^fe^TJWfe ^ ^mfcf I ^fa *§£T- 



3. (contd.) 

Bb 5 begins this chapter with i. 6; then i. 1 1-12, 10; 
KIT, i. 2, i. 1 cd, i. 5 ab; then 

Then KU, i. 4. . 

The chapter then finishes. 

Dj gives this verse in the first chapter of its 
Purva portion. 

Tt begins this chapter with KU, i. 6. 

D 2 gives this line and the next two verses after i. 12. 

K gives this verse and the next two after i. 20. 

1. D 1 gives this and the next verse in the first chapter of 
its Purva portion. 

Nj gives this and the next verse in the fourth chapter, 






Tfc^I^ ?mT: I o il-WT^: I ? II ^m^^T^nf^T 
TTcT^ffcr: I o I o 131 ?o || ir^ feRr^f S^rfaf^lT: 



1. Bh 5 gives this verse as KU, ii. 1. " 

2. N x om. this verse, 

Dj gives this and the next verse in the first 

chapter of its Purva portion. 

D 2 gives this verse in the first chapter. 

K gives this and the next verse in the first chapter. 




^rtf%>T%^ I 5T3Sf ^"Ssn^tf^q" q>?TFFS% %fa I ?$£<Ti*r 
vT3Ef q^^^q>TTc[ ^rft^RT: STFrfal: ^RTF* *TOST3% 

^r^T^f ^fT^qf^Tqr^ wNr *ft^r: i ^ 



tt$ ^t^t^t^ vjn^]Xm4vfk^ t^w s^t^t ?r«rfcr: 

fN**^ ^Tcf^r^r ^TFTiTTf c*TRTO ^i^RRl": ^f^ft^3T TPWRt 

1 sit # cr^T f^^?rotarfa%?[ ^Rto wttt^it- 
^r<^r^: *refhar n*H>R> i ^tfrq- ^r^q% ^ 

fer^q- *r^rr m*mqf ^Rr<<T ^f^frezr ^r^% jftsftt: i 
^nrq^^T c cf qzftzq ^zvfk i&fkr i %fa 

K^f^r gror: 1 spt 5 ^ fa^sreq- ^rtiott sRTT^n* 



^Frf STcT^I^ s^^fa^Rr *Tmfa tfsfter TT^fa goffiTT: I 
3<TO7:: I TTcf q-qT^T^f ^P^R f^3T ^ fspp?T tff 3"*T ^fa: 

wfw^r=rr c cf "jsfas^ r^*p> c F^rf^T a ^% *nrfar sprfar^fafa i 

spt f a-^T faF*r fa^rrfwT q&gw ^ftr: sr£f%- 
•jt^pti^ f5R3Rsrfsr% sict ssfp?i *rt^r: i m sftfar 

5TcT£^ *P<PP3«Tfa% m$ ?fzfhKT TT^f^T gapFR: I ?f«r ^TR 
«PRp% rRT fa^T ^ c erf^T: fa fa: ^tfr^RT^ f%SR*T- 

fa% 5RTsp> ^pfl^T Kpf % iJTOT: I ?PT 7^" 5PHF% fa^?T 

*tp? *ptt^ q-^fcr nnr^R: i ^ ^rm^T^f ?fpfr ^tt cfa fa^r 

fa?Ti=T S^fa *ftaT§ ST?^ I ^1%^^ F>P<rTfWt- 
^fa: V<! ^ ^ ftfa^^?^ cT^T fofl5P=fa>!T- 

^TRsr^fa' *fwr: i ^q - ' ?Rq% ct^t fW?r^^r^ 

q^fa: 3(ra*fim ( Tfc?T 3 rT c ?r S<^fa3Tcr: srafan ^Rftsq- ?pt% 



1, Ms. has ^gfa^r^cfWTT^, which is not correct. 



*pRTcT cT^T fa^?T^T SRTFh" mT*TTf ^^1^^?%^ 

1. N-|_ om. this verse. 

Bh 5 om. the second line. 



acr^[ 2*r^ s^rre s^f ifafa^ 'fsqs^rcfT TFnrq^q; i 
^^^RTTfvrfT^rq 1 : 1 it sraref fsRnfeqwr sit s^ipr 
1 

1 

2 

1. (contd). 

D 2 has this as the last verse in the first chapter. 
The first chapter of the Uttara portion in N 2 ends. 

1. D 2 gives this line after iii. II. 

2. Bh 5 . N x . N 2 . om. this verse. 

D 2 has the second line in the first chapter. 

K gives this and the next five verses in the etid 

of the first chapter. 



1 

^spnr'Fr ?rre*rete<r *$dforT?r: n 

1. This is BSS ; xiv. 47. 

Bh 5 - N x . N 2 om. this verse. 

D 2 gives this and the next three verses 

in the first chapter. 



i. This is BSS, xiv . 46, 



t 

^teT«T^^ft^1rqT^kT^iTT5^^T: Hell 

^rc^if^iftfa ws*rifa i z^wj i df|<jft i 

2 

: 

1. These are BSS, xiv. 48-49. 
Bh 5 . N x . N 2 om. these verses. 

2. This is BSS, xiv. 50. 

Bh 5 . N lt N 2 om. this verse. 



rT^T^T I ^^WTfW?TT: I <3£o I ^ II STSipfjoTT: I 

snrgwr: i i ^ n ^Frc^f^: wr^ i qq^pgun: 
^rr^Tt ^ error q-^^ ^f^g^rer i ^ttjtt: m: i ^rr| i 

^srfsRTT: I ^ 3"^: ^ftsftrf^^TT: I ^TOT I ^^sftfiHr 
^urR^^Rjft TfftnfSRrT: I I ^ II rTOT ^ WW^- 

i ii i^nsrt *tt<t: i i h 11 q^fq - ' wsr- 

1. These are first and second lines 
of BSS, xiv. 51-52. 
Bh 6 . D 2 . N L . N 2 om. this verse. 



ereSTTfa" ?rcF^ serene t^t ?rcreFr *F^fer«ft vrtTf^crr ^ 

TT^I^S^fafwr^ I cRPTT ?*mr: Tm% I 

?r i o i ^ i ?o i . ^ ii ^ i o i ^ i n i ^ ii in \ i 
^ i i ^> ii ^> i ? ) ^ ) i H ii *r t ^ i * i ^ i ^ ii 

STT I ^ I ^ I ^ I II 31 ^ I ^ I I 3 II fcfl ^ I ^ I 

1 ^ 11 sr 1 3 1 1 u 1 u 11 t 1 * 1 *i 1 > 11 
^ cr 1 v 1 \z 1 ^ 1 n 11 ^ qj 1 * 1 =; 1 ^ 1 us 11 § 1 1 ^ 1 
?V9 1 ^ 11 f^r 1 ^ 1 y 1 ^ is 11 1 \ 1 u 1 3 1 ^ ii 
fa 1 \9 1 o 1 i^ji ?r 1 \9 1 ^ 1 u 1 11 ^ 1 vs 1 R° 1 

^ I q I! ^ I c: I 3 I n I *3 II g; ?TT I c; I ^ I ^ I ^ |l 

^ m k 1 ^ 1 1 ?o 11 srftr 1 5. 1 ?o i ^ 1 ^ 11 «n 1 
\v i V9 1 \ 11 «r 1 ?o 1 \9 1 ^ 1 11 1 \o \ ^ 1 ^ 1 
ii s^rri $0 1 ^3 1 ^ 1 ^ 11 ^tt 1 11 1 ^ i 1 

^11^1^1° I o I o 11 

c o 

5% 1 



I 

f^T rT^TSST^T faf^Tq* II 

i 

^ftiq-^n^ i ^ ^^VTO^FrTC^iT f&fof fsR^T tf^gircr 

j^^^w^T^^T gqifcr i ^ftr: wf^r^^r i 

^nr : 

1. D 2 . N 2 om. this verse. 
Bh 5 gives it as KU, iii. 1. 
K gives this in the third chapter. 
N. P add after 12 : 



I. See mathematical notes on this verse. 



i 

faTtf^ ^fe ^rf^^T ^fa TO s^Rmrr 33Tf%flTRT- 



1. (contd). 

1. This is BSS, xiv. 36. 

Bh 5 . N x . N 2 om. this and all the remaining 
verses in this chapter. 
D 2 . K om. this verse. 



?nrfa TO ^TTgtf ^Tf^STT^^q^ I <PTPT^ szrfaqT^ 

i 

famm softer *r^%®i% st^s^t ^Tfcnfafrr 1 ?iwr: 

1. This is BSS, xiv. 37. 
E) 2 . K om. this verse 



i 

Store! <j*rRt tt%^ ft^r^stzr: ^n^^ft^ 

»pf> rarer i <ra ^s?qrq^st%^r ^r^f% cr^Tcft^: TRpsra: i 
Trfcnfr *r^ret 3T farfcr: ^ra: i tstoett^ ?rt% 

^^T^ra^r^Hrwrf\?rR sre^^Fflf 
<rer?R?raT^ i 

2 

^fe^W^cTC^fe^f^ SHOT: II 

3 
3 

1. This is BSS, xiv. 38. 
D 2 om. this verse. 
K gives it as x. 16. 

2. D 2 om. this verse. 
K gives it as x. 13. 

3. D 2 om. these two verses. 
K gives them as x. 14-15. 
16-18 are BSS, xiv. 39-41. 



fa: ^FT? I cPTT 3| s^faTT^ m^FcTC t^ct ^FTT ? 3T 

q-: ^T^ft cfa Tfa^qT3T^R^fa#?TO?: I <RT> T%: 

SffifoT: =FFTf I TOT^T fcm^ffa^T S^sBTfNr: *>Flf I ^ 

flT*^fersq% ^Tcft sERsfaffa: ^Rf I *Rrf3*ft: S^ft: I 

*T5TT I ?PT ##S7^3^«f^q% cH^fes-ft: SGRsfcj fa: 

enrahn wot W^r^er i ^ fe^fcpfir- 
^f-fe^Tfa^^rTJ^frfa i 33": ^fTfa^f^WTMr^fH^Tf^: 

q^^T^rf^f^^JSq-Rr^cft: ff^RT qc^rr faTTWRFcTTfa 

^fa^ TO^ft^r: ^T#: I *Rffa *fa^SR?ft qra^fsR*: I 
rRT^zft: 5TF^ a»Tforer3>T^ft ^T*f I <fa> ^3WreTfa^*fc- 

sBT^^T^R^^^feff^T -sarahrm ^fa sr*r*rcTfOT- 
zrfc TTfasfrrrcffa; <n^T*ft ?rfats«m TT%^TT<anm'ft 

5TT^T^T WT^K I 3* ?SS5t ^Tfa I ?T#%^T 

*r IN* ?refa i t ^tfs^TwreTCftrf m^s^r i 

sqWq 1 aqfaroticnTt: wrcrf^rarra; i 5re*prr*rrfc^rptf 



snw^wsrwfaFr i m spTroftprFiuft *ttwsw?t ?rram ^T?rw 

^rf^^FJf W^Ttafcfto'f: I Wp?*F%W ^T^T ojrPwqTWST W^pT^T 
Wp^T^^W^STWWFI W«TT W^ft^T ^TSRTCp^TTWmT^ I 

1 

short sraroi^: scm«R>n4firaTfTm huh 

xnfvr#1%^Tf^r: sptttow i ww ^t^tt^ s*M«t 

?nft^^ srfbFTfW^rTfrnPT tPw^STTWT^Tc^tPw^T: 
^TRTf: I W3> TP^S^W^T^W^^rft f^WT STT^feftTOtf 
TTf^TT^ W**J 5T«nRTftRT ^ P^PTfrTPssflW 9T*TW 

S^TT^T: I ^w spft^wi^r tow ^t^t: ft«TT> *rwPw I 
^ arfimw^ w*jct^ t^t ^ ?rePw i itw- 

*T«re>T«r ST^T WW S^sf^^M^ ! WW^sforfW- 

irWNf ^mffare^ i ww ^^T^T^^T*^'MT?wTP^qwr- 
fvrP^cE^rfj^Tpvr: ^51^ 5r«TTn^w "uf^iwr fa?r%w 1 t.w 

P^T ^TWPW I W^TTO^W ^W^^ I W3PTT I Pf^^P^ftT: 

qrw^wP^tewT^Tpsrc^ ^P^roqTWT^ f^u wwr tP^s- 

jftewe^Tp^WifT^ ^PT I WJftT^WTTiftTOT 9> TT^T^W 

1, D 2 . K om. this verse. 

2. D 2 . K om. this verse. 
The first chapter of KU in 
D 1 . N. P ends here. 



TOT^ f^RTfW^ ^fa^fe^T^ ^^>^3>Tf%- 



I 

2 

sreTTCFTO TTftm fa^fcPTftn: "jl^ *F=St«T qf&f^ t 
fac^TT: sfrafT: I ?TR^tf 5rf%f^TT ^^ftST f^TT ^ f^f^- 



1. D x om. this line. 

2. N x om. this verse. 

D 2 gives this verse after ii. 6. ab. 

Bh 5 begins this chapter with KU, i. 3; then i. 7; 

KU. i. ab; then this verse. 

Bh 7 has only ^swrrfsflf f ^ q*R, 

K gives this and the next two verses in the second 

chapter. 



«w g^rfmt sfrsr^far I 
firmer ^>irTf^ vrdRtarfw q^n^ i 

1. Djl om. this line. 

2. Nj_ om. these two verses. 
D 2 gives these after ii. 18. 

The, second chapter of the Uttara portion in 
Bh 5 . Bh 7 . D x . N. P ends after 3. 



fasrfa: ^rorf^fa^'rfrRtg^ 1 rr^^r^T^r 
fafri^T: 1 ^ 1 3* 1 ^ n q^r ?$£W^%^ren 1 

3Ti5T^ I o I I ^ II !T^n^ I o I ^ I e; (I %fa f^T 
*\3 II \\ I o I o li f^T^T^ I ^ I ^ I ^ II 1 

£t^tti*tt: a^^r fa^T to fafcren^ i ^ 1 ^ 1 



■sri vr^f% cmfa^' ^rpj i *r q^rfr i stirt fen 
sr^q% i cRwr i inapft tftatfkrfTOt^^fTO^Tf^ 

1*37 cTrT: T^ft^T^ #ST%?ff ^RT, I cT^K- 

spTTO^ ST^'T 37 =J>R*T I ^sftSTR^req" TRR I 
|% s^ijTjf f ^rT^f eft ^fa^t *FT% I <R* q^q-- 

q-q- |sr^T 1 3SRT I !T«^fet^fenf^r^Tf5RTt 

^Wmimifa^ ^r*t i rf^r^ ft 3T 3>R> I 

3T ^TT ^THSrS£<ft fS3TO$cT: I ^m^RTsfq" ^T-^- 
^TRct *FR*t SR^°f 37 f^3r sftsf *PRT^ %*ffftt% 

^spiW^r'n i TTf«r s F f *r^$ ot^Jt ^*pf 3r t^rTT- 

^f^r: *$5>PR? I <R' *3FfrWT 1^ 



^ftST" I rfcT: ^ft5T Tr^fr^qr 

HT^RTq; t q»^m^: <T*rfTO^: ^n^fT^^r: i 

fF5?$£ T^t f^ft?rc*f^r: l^T >T^fa" I 



?^ sr^w ^R^T I ^jttT^^: sk> TT^fa i 



i 

faS5?T ftf^rf ^T^cT: ganfrnF* 3> ^sre*J II ^11 

2 

^PJ : 

1. K giv e s this and the next two verses in the end 
of the third chapter. 

2. This is BSS, xxii. 39. 

3. This is BSS, xxii. 41. 

Bh 5 . D 2 . N x . N 2 om. all the three verses 
in this chapter. 

Bh 5 begins this chapter with KU, i, 12; 
then 



5% fasT^n^r ii 



3. (contd.) 

The chapter then ends. 

The third chapter of KU in Bh 7 . 

D^i N and P ends after this verse. 



1 

ss^^T smsrff^ %nfsfa% sr i 

2 

1 . The Ms. om. this line. As it is essential, it is 

restored from Bh 5 . 

Bh 7 . D x . D 2 . K. N. P om. this line. 
2. N 2 om. this and the next two verses. 

Bh 7 adds after 2 : 

D 2 gives this verse and the next two after iv. 1 . 
K gives 1-23 verses of this chapter at the 
end of the fifth chapter. 
N adds after 2 : 

fa^fr-zr * f%wt grs^reef ^iT^er fafa^ i 



i 

Sn^rT T^Tcf *^*Tcft SRSTSTSresraTfa 5TT5fT II BM 

w : 

2. (contd.) 

Then %^tt etc. (above). 

N T gives this verse and the next in the fourth chapter. 
1. This is BSS, ii. 30. 
Bh 5 adds after 3 : 

qispT^srT^rafersrfWerf f^rwf^T^rf««r: i 
gqfef"^T?yg^H> *W I' 

Bh 7 adds after 3 : 

crfg^TTrT etc., fWfoir etc - ( for k° th n - 2 to KU, iv, 1). 



^rfespppT^fq-^ ?Tcf fr^% ^ fV^rcfr fortes ^ srr^rq t 

i 

^arr^rrefa tt'wt<r ^TTsrfNt n 

2 



sqT^rr : 

1. fawTTs*Tr^' is metrically more correct. 

2, See mathematical potes on KU, iv. 3, 



fowrr^IT f^^T^lRT fafa c mfe w ^fir I 5%*RTT?<R^ I 

^jpj 1 ^rdkq<?^ ^ 1 ^*fq^ ^qfafcr 1 

^ II CT^TT W^T^faq^T T^^^jpTT fl^giq" fa^f^T 

11 *t^t sffar ^T^rf 1 q^g^ 1 ^sr%fsr?3fterrer 

T^c^T^T tf^Sf jff^fq ^ftq^tg ujq<r I crcrft^r^qT^TT 
fo^JTTm^ fafac<nfe q^ =^5W> 5fT SPRJT | 



^?T*T I ^cftiR?W I ^4q^ «T^fTT% I JTrf 3q3*r I 

f^rer i spssf srf^rrfe q*r ^ q^rf m^t fas^s^ffa^ i 

^ftsfq Tf^sft ^rfsRr^%ft s^r4T i q/R^crcTfrr- 
fsrsrfe^Tq^* i fa ^>sfq fa^cft #*th: m^m: \ 

<r«ft^*ra q/Rfq fafaqwnr i ^sfq sitfTHfapnFa: 



cr^r^ sn^er *<*r£toqf 1 g^^T i^t 

*rT tf*$ct Ef>5i^^t«rto 1 5?t^t sn^r ^t^frT 

TTwnrt 1 <r vr^ftvrir^crT^'cr ^riif str^t *Rfsreft wr: 1 

qsf *qi£%«SRPJ?TT3r rT5r^f^fT^««T% Tlrr^TTc^TfTO 

1 

2 

1. D 2 has 4-18 in the end of the fourth chapter. 
N x has 4-5, 7, 9, 18, 17 in the end of 
the fourth chapter. 

N 2 begins its third chapter of KU with this verse. 
2* Bh 7 om. this verse. 



s^fa^R^^^^£^T§i; ^tt¥: i 



2 3 ° 4 

^TcT I 

f^=s3# i cr fa-i ^ fi^T ^^rafeg^JT^w ^TTTnf^rtq; i 

1. K o&rtarfir i 

2. K <§q??T. 

3. K 5frr4^. 

4. Bh 5 . N x om. this verse. 

D 2 reads this verse as follows : 

g-q-^^T ^cT^d^TR fe^PtfrsR spR*? II 
Bh 7 adds after 6 : 

gTffe^TT cT^^iT ^pirvir^^Tq; II 
1. The Arya is not given. 



smssmfNt: q^rwwi few wroTOtofir: i 
traro sraw 5iftR> firwTO5RT i 

* 2 

to 5iftnft ^ ^ ^pfangsrto^ nsn 

sm^TT^ «RHto viTOT HWT C ^ I^T I 

3 

a^^cnar peroral - 'ftcBrr 5Tht =sr ^ ns.ii 

4 

m^ft froqnnq qftwtff *is*t*t n*on 

^"fa^STS: 5TT^5r^frT f^VRRT ^*PT- 

sfrTTfafer: SPOT: ! ^THI STf^T^Tf^HT I t^TO** 

1. Bh 5 adds after 7 : 

sqwrsf q^R^TT mqwraf <ps ^f^^qr: 1 

Then 21. 

2. Bh 5 . N x om. this verse. 

3. Bh 5 om. this verse. 

4. Bh 5 . N x om. this verse. 



sfWta^r t str<r ?%ot^fcr i ^r%^ : snif^r ^^q- ^ 
g^rgrTT s%<iR ^r i <rfsnir ^"ta^r i f^rr^ ^pt^tt i 

ST^WT I ^RT ^TT ^^RR^m T: 5T^T: *<T<S£^ t%f ' f RT 
^T^s^R SR^fa^qT^srftR f^f^TT ^fST*R I 

sf^R I 3tTT ^tT^T l cT^ ^ 'STTTOZIT *R *RTR^ tR 
fo^' f^T TfT^f^l' SR^T Sf^iTT I CRT ^PIT ^TflT- 

?t: sr^r: *w?cR rst sfar i mm fammfac^' w% 

fa3?TR# <RT^*n I *RTR^t <R feff' £RT ^*TTRRf>?§ 
ZTR^T W ST^RT I cRT ^=RT *TRiRR*m *T: R*S*<R 

tV^-* £ Rr i g^^T?'TTfe^f^n^55rf'??f ^^^ttt sfa*R 



2 

*s?t sr^t w^r* qftfow *t^wt*r i 

fefcr sR^n ^rr i Mt^tstt fosfsptfTrn ^tt^tt i 

1. All other Mss. give offfpr. 

2. Bh 5 . om. all these three verses. 



cf=5^- fr^T tfr^^gsrsTTi^ ^t<jt itnTifa^ i cfr 
cr^t sqrm^tTTJTTf^r^ i m^qT^^jjqq^qT^ i 
^qr i qftw 3^5%^ *rsq^f3r% sf$T*rfcT>TRT£TR 

fT*q-q>Tp"cTT I cTzfof^sq-' ^ q-«rf 3xT Vlfo sr«TT 

^q-fa i *rr sqwrN" i cfcfFre^RsqTp 1 snfu c q% tr^r f^' 
f vmsm s^qr i rrar^^r ^qr *t«t- 

q'l^q^TTTTq'T ^Tcft fr^rmsnrjsrTftoft n 



qTSFcPfhfajpfoT^ qvzpm q-STT |i 

1 

^r^TSTSmriH ?TT^r: ^TTrT ^f^cT: AST II 

^fa I 

1 

1 

1 



1. These are BSS, xvi. 16-18. 

Bh 5 . Nj_ ora. these three verses. 

ozrr^T : 

1 . The verses are reproduced as in the Ms. 
without any attempt at correction. 



1 aw feftr <r*Nr 3% scrssrst fasrK^r 1 
*r*f<r ctst qfcm%vmRr sraprc*ST<r *tr^<t^ *?pt- 

gfa^ £f§" f^T tfft ^ f^r tfrpRmrof ^ ftf 

^farf ^TfflTTi^r^T ^R I ^f^PTf sfaw^ ^R I f^TTf^ 

^^T^^^T^'prRcr ^few^r ^ir i sfki*t 



?TTtnr ct4^ ^tt sTcfhr nr*ft«R*>T%5p ^rewfa^f 
^effiTcf g^pR sfaw^ i sfsnf ^trR^ i f^nt^ ^w&i \ 

mi4w cTST ^^mf^TTT^ STrespR^TcT OT?TOteft3rc^- 

vJTj^irr 1 q^r *ttt«i% cr^ fan* ^m^'zrfa-!' 
^Tsrr^S^fT^ sr^ft^ fa:srR3<r i q^ ^wt^ ^ faf " 

I ?fipf ^xT^T I 3^?f§TWJT 3fST*f ^ I 3tR- 

IT: ST^T: ^^S^TT^ifore^ I qftwiT fe% q: 

sr^r: ^BE^^TTgMto' q^qfafa 1 qq*f 1 



pfa^* ^^r^R sfsrof ^ ^ i <jfspjrg?R*r i ?nrferc*j 
t^rr ^> ^r^r^^fmwq^ i^m%%q;i 

srEHT^R: qft%^ : 51?%cT: ! TOT¥I^TO*iWq>q^Tfa: 



1 2 

qT^mmTf^t srra^^t^: i w% fern xwmt*n$~ 
*tft^t ift sresrvrnr^Jni^T qfe ?Pffor i ^^sthw 

3 

l/ Bh 5 . D 2 . KBM 

2. This is BSS, iv. 19. 

Bh 5 gives this verse after 18. 

The fourth chapter of KU in Bh 5 then finishes. 

3. Bh 5 begins the fifth chapter of KU with this 
verse and continues with the next four. The . 
chapter then ends. 



i 

2- 3 
4 

5 



3. (contd.) 

The colophon is ffif refaJT^T ^^T^. 

The third chapter of KU in N 2 finishes after this 

verse. It omits the remaining verses. 

The colophon is ?fcT *=ro¥^ra^*T?m<jr Tft^fTfeR: 

*TH"1 c tf : I The Ms. then finishes. 

D 2 . Nj om. this verse and the next four. 

1. Bh 5 . KBM o^;t: f^rera^o. 

2. N ofs^TTW. 

3. Bh 5 JT^q-R^fSo. 

4. Bh 5 jorerer:. 

5. Bh 7 . D x . N. P add after 23 : 

The chapter in Bh 7 then finishes. 
D lt N. P cont. with 



1 

f^RFlfTOtoWW I cT^ f^Tfq^^T^qT^^fa^faT^ 
^ I ^|| ?rmt f^*F: I Sfssr **TTq^ I ^ STTfec^T^F 

s^spt^ *<g£q*Rfftspsfa% qarffa^r^ i q^q^Rir i ^ft*r- 
*$sqRr farter ^f^oret ^srfo ^feT%^i^Tfa^ 

^eftc^: I a^^^q^fsT^ S^TRTCra \ TO>q?T%^T£T 
5. (contd.) 

The chapter in D v N. P then ends. 
19-23 are BSS, xvi. 29-33. 



1. This passage, not given in the Ms., has been restored. 



£tSH\imF% JT^T TS^T^T: TO?: I ST«T ^^^f^^ 



fa^fa- ?Rrfo rremsr ITT^T: *F*nr: I cT^T TT^T^ I ^sq- 5 

to ^TiM^ MW ^ TO , 

sr^T^^qiq - ? 1 

tf^T^r 5T|w ^fa 1 to^t: to: i ?r«T ^^rfer i 

ftcq%q I qqTw 5<£sfq qfe *TpT^T ^of inft^ g^ftsf^ ^I^T 
«TT^T ^ftfTT: I cTTO I qs^ TRPR^flRrf?PfTfnT: g<^_ 



<rraw i ssnrT arm: i sr i * i i ^ i \ n ^ 1 *j ^ i 
ft i ii ^ i o i ^ i i ^ ii «n i o i e i ^ i vo ii 

3*rr: jjrc^: i tow sitaT: i *nfrWqWts^ %3^T: I 
steNt^t^* fag^u: i q#*r: ^ras^r gro^i fe: i 
wtaw q#*nte%qws^#5r st^t^t sirsRtaT: i tow ^rr: i 

stft TfarerRT i q# .fan fl^re*r ^t^t^ q=r ?nfar i 
^ q^k ^ TOfroPrft qrarfawr irefa i ^fWTrr q# 
¥T^TT ^ wftm i qrsp^ ^S^st^T qfoft cT«TTfq 



srffftrc^ ii 



1. These words aie not given in the Ms. 

They have been restored from the numbers given below. 



tft I ^ | ?o I I o II I I o.l ^? I 30 | o |f 5ft I o I 

H I $0 I o II ^i^i ^ 1 ^1 o 11 o 1 ^ 1 I o || 

^ I ?3 II I I W I ^ II Sift I ^£ I X* II % I I ^ It 

1 ^ 1 ^ 11 

s"teT*T I €T^%JTTf^ q-^T I ifft I I VV9 II f I fc* I ^ N 5ft I 

i ^ ii ^ i i** ii i ^ i ^ ii 



SFW: I 5T^%?TTfa 1 I ^ I \\ II | I ^oY I II 3ft I 

?\9^ i ii ^ i w i \% ii i i 35 ii ^aT ^5^^- 

1 

1. This is the same as viii. 1, excepting that there is 
Tfa instead of fafa. 

N t . N 2 om. all the verses of this chapter. 
Bh 5 . D 2 om. this verse. 
Bh 7 begins this chapter with 

l^^t^ - ^rfeqt left ^cr i 

Then sffarterr ^qsr^r. 
Then the fifth verse. 

K gives this verse and the remaining eleven 
at the end of sixth chapter. 



1 2 

?r| stf ?tf cr?r ^sq^r i ?pt ^ 

3 

q^^W^OT**?TO*te*5TfiTC W 5f 1 1 ^ 1 1 

5T*sW *3^ffc ^fe^: J^N^Jg^TOT* I 

4 

J . Bh 5 . KBM o^st^^^T fl^RT. 

2. This is the only verse in the sixth chapter of the 
Uttara portion in Bh 5 . It om. others, 

D 2 gives this verse in the sixth chapter after vi. 1. 

3. This is BSS, vi. 11. 

D t breaks off after the first line. 

D 2 gives this and the remaining verses in the sixth 

chapter. 

4. This is BSS, vi. 12 (edited by R S Sharma, vol. I). 



otPt^ ^zTT^^rf^^rgrf^ftrTT ?4 ^qir i g;a*q 

HRT^^f I f%^*T ^T^T'T S5qcr I ^iP^T qfe 

q;q?# ^qt q^iqfs^Rqt ctst ^reftrf ^K^m- 

^l^MspTT sfnf ^#5q^T t q^HT WT|cq ^qfcT I *q?fo 
sprirR 3?q^ I ^qJrq I q^T "T^^T# 3Sq> ^ffe^T- 

TT^t rRT ^q 1 ^^fa? 3qT^q#-<f fforfafsRT ^ ^#sqTT | 

irrcTsq^rRT i sir *t?t fsreq $q?*T s?qt q^ qjpqms^irqt 
qT cRT cr^q srs^faf sqT^qf^r^fqfaqr ^q*ji 
*rm*T^qic[ i ^sftq^r^r^^T^f facq ^s^rt qqT vfzi- 

^q <^qi^qit: ^ ^oqfqfa I 

c & 

?r«rrq^q?q gq^qres"*re?rHT^ ^^fq£<re>Rn*nqT?[ 1 

1 

■o 

fasq^q tf^fa^r ^qsqq5^*ref^>sq^qt ajerforer: I 
<TSmT I ^ I ^ I o I o II ^"tSTOJS^: | ^^jjj^q-^q- 

^an^cqw ^^fcnrrqr q^qt ^feft fq^q: 1 11 src^r 
Tfq^^qT grasr 1 ^ si ^mrerr: 1 ^qr^qf^T 1 

2 

rT^T I ^ I ^ I © | o II ^q-gznwq^: I ?r?q ^5f5RW- 
^Rcnt7$r5*TTTrT ^f^ft fq£<T: I Vo || ST^T TRToqT^^q ^ft^q 

yFrrerr. 1 

1. This line is part of BSS, x. 35. 

2. This line is BSS, x. 40. ab. 



aprmf *Tf ^T^fT5TT: 33*1* l 

'rftr^TfeJqrfeinf^n' fs^' 5^Rn? i 

fS<* *R«T ^^TWT || 

^tf far* *fe^Tf§^?T T!5f*3: ilsll 

1. This is BSS, x. 37. cd. 

2. This is BSS, x. 38 ab, 



fi^TR^^ VR-fcf I 3X3^5 ^T^f ^ TRfa 

<nr fe^ ^ ^rs^?rer 3?fcf i *rera«prfa stt^t f^T 
saW. i ^n^n^sfoo" ^T^T^TT: I iraw s^tor Sffe^T- 

*rfam*R *fe*T5^ ^^*r*r 1 ^rfePTg^ 'sptotw 
fa^TTT 1 ^ tow =^isr sFT^mr 5% 1 q^r- 

STfcFTfec^ ^R^T^lT^ TOT II 

f sfar^^Ff" zrforc; 3% *rer i 



1. Ms. reads spfi^ftefa^:. 



^T^ft^T^ ?Trft?fT^T»T?rT^lJTT| I 

i 

«T*rnrHT ^fe^ *T>T: I ftr^fe^ ^ fapftT: sfn4: i 
^ f^FST^ ^ft»r: I ^ fork: ^PT: I f% ^^^FTT 

#fRr i ^ fr*<wtt *rfe ff^^T T^f-cT i ^ j^wcr- 
^sqfr riffJTT^ sfcgj^: *r rr^ ^reftr i ijsr ^wmfa 

1 

1. Bh 7 . K read : 



1, Metrically this line is not correct, 



a^rersf ^ ?r5T ^ ^3"% i TTfa*Rf %^ ^nSrs^r 

i i 

^^rfbT frsrfcr 3T ^ftr t fr*refrrfof «ff w ^rr-cft1% i 



1. This is BSS, x. 38. cd. 

2. This is BSS, x. 39. 

The fifth chapter in Bh 7 . N. P ends after this verse. 




1. These words are not in the Ms. They have been; 
restored. 



qTfacTT: H^ft fc^RTT ^fccT I ^T^fafe^^^S^Rzft 
rTF ^^fTf^T^FoTT ^T?% I tTT^TfW> T^^T^f ^T^T^ft I 



sxvfafa^xfo s^rt: aim 3^1% I F^FF^ftFyf I 
F^rrr ^mTC^iirirFgfsr'^T sFstsr i ^rfa^tifasr- 
facTire niTf iR<iFtf i ssnfr <pft: srfafti wrnr*ft f*i^ i 
?f^i^sq- ^zrst ^t^: $r«rii i t^tF^wit: 1 sfrth: 

ct^it^t hFsf^t ewTn^r i sprwi i 

S1T11^*1Ta%fTT11T^ I 

qiV^ft: imiir i qj % ^nifr^f^rT^T s^faraf^ 
ssftanff i. a^^^^^^F^f^i^F^irF^T- 

W : 

I. This is BSS, ix. 22. 

Bb 5 . N lt N 2 om. all the verses in this chapter. 
D 2 gives this and the next three after viii. 5. 
K gives this and the next three at the end of 
the eighth chapter. 
Bh 7 gives only a^rfoftfecrfa. 



1 
i 

^fesrfe^rc^'pTct i ^ <e%?t oft pf#g?T| fft ^T^ff i 
SRFmt *rsitfkt urer: i sraTmift sctt^t srra*^ <T3?rc 

1. These are BSS, ix. 23-24. 

Bh 7 reads sp^TT^T fa. Then the second line. 



cT^T ^qrUSTR^ZTR^T ^T*T^ I ?T«?FTTf*Rl rT«n c ^f I 

qr TTfsnfqfa *r ^nifirct irefa" i ^eg^ i ^^rfoFT- 

?f ^TTRt strtccrt ^t%#^t: sumnft ^f^% i 
?r*rrata: ^nrnmt strt^st cTT^^rateatercq *T*rm*q" i 

3T*fa ^ft*T^ ^ m^fa^ ff^TRq - " ^ fc3T ^qR^q" 

£qW|qfaV^qTfc^fbf>T fe^tq^fesRFR f^sqr: i 



1. This is BSS, ix 25. 

The chapter in Bh 7 . N. P finishes, 



fsnstrf^msr star* ftr^igrr^nT^H n 

^Tfc*TT: tfprTW«|^r TRiftf^ II 

OT^T^rf *tot^ g^n|n*T>rcta?r: II 

ffcrmt i 

■o 
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PREFACE 



My attention to ancient Indian astronomy and mathe- 
matics was drawn in 1933 by the late Pandit Bhagavad 
Datta, an eminent scholar of the Vedas, when I was teaching 
mathematics in the Lahore College for Women. He asked 
me to prepare a critical edition of Khandakhadyaka, an 
astronomical treatise by Brahmagupta of seventh century 
a.d., as he felt that the edition brought out in 1925 could 
be improved. As a student of modern mathematics my 
first reaction was that it could not certainly be a difficult 
work and I readily agreed to undertake the preparation, 
I started studying the printed edition, which also contained 
a commentary. The first two verses were easy to under- 
stand but with the next three giving a formula for calculat- 
ing civil days, my difficulty began. I could not understand 
the language even with the help of the commentary, yet I 
had studied Sanskrit from my infancy, so to say. I then 
realized that I would require a guru to teach me this sub- 
ject. After a countrywide search I was fortunate enough 
in persuading Pandit Muralidhar Thakur of Mithila, a well- 
known scholar of ancient Indian astronomy and mathe- 
matics, to come to Lahore and teach me the subject. I 
was astounded by his profound scholarship yet simple 
methods explaining the complicated astronomical theories 
of Aryabhata, Varahamihira, Brahmagupta, &ripati, Bhas- 
karacarya, Kamalakara and a few others. He taught me 
in the old traditional Indian way, and that was how I 
wanted to learn. My earnest desire was to know the 
contribution of these great scholars to the development of 
the sciences of mathematics and astronomy in their own 
ways and not just to compare their methods with the 
modern ones. 

While Panditji taught me the subject, Dr. Lakhshman 
Swarup of the Oriental College, Lahore, guided me in the 
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technique of editing and collating manuscripts. The 
Librarian of the Panjab University and especially the 
Librarian-in-Charge of the Sanskrit manuscripts collected 
from all over the country manuscripts of Khandakhadyaka, 
available on loan. I may mention here that the manuscript 
J m the text, available in the Raghunath Temple Library 
Jammu, could not be lent out. I, therefore, went there and 
studied it in the temple, where it was kept. 

While in Lahore I prepared a preliminary text of 
Khandakhadyaka with Prthudaka's commentary for the 
first eight chapters (the manuscript is incomplete) and 
Varuna's for the remaining seven, together with intro- 
duction, translation into English and mathematical notes. 
In 1938 I joined the Oxford University as a D.Phil, student. 
I worked for six terms under Professor Jhonston, the then 
Boden Professor of Sanskrit at the University. While there 
I studied some more manuscripts from the India Office 
Library, London, and Konigliche Bibliotheck, Berlin and 
also the rotographs of the Nepal manuscripts in the 
Bodleian Library, Oxford, and received an intensive training 
m the Western method of critical study. The thesis was sub- 
mitted for examination in April 1940, and in November of 
the same year I was awarded the D.Phil, degree. Perhaps 
it will not be out of place to mention here that Dr. F. W. 
Thomas, the great Orientalist, was one of my examiners and 
during the viva voce expressed appreciation of my work. 

As I was keen on continuing further research in this 
field and also to have a glimpse of ancient Greek mathe- 
matics and astronomy, I applied for an International 
Fellowship to the International Federation of University 
Women, Washington. On the merit of my D.Phil, thesis I 
was awarded one of the Fellowships and studied Ptolemy's 
Mathematical Syntaxis in the original with the help of an 
English friend. The French and German translations also 
were of much assistance. I then concentrated on the 
study of the Greek and Indian conceptions of trigonometry 
and planetary motion. The results of my study are given 
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in Appendices VI and VII of this edition. Appendix 
VII was first published in the Journal of the 
Royal Asiatic Society of Bengal (Science), Vol. XV, 
No. 2, 1949, and has been reproduced here, with minor 
changes, with the kind permission of the Society. As it 
was not possible to complete all this study in one year, I 
applied for another International Fellowship next year and 
though it was not the general practice of the Federation to 
award these Fellowships for the second time to the same 
person, the Federation was kind enough to award me the Ohio 
State Fellowship which enabled me to complete the work. 

After my return to India in 1946 I served the Govern- 
ment of India in various capacities and very much regret 
to say that I did not find it possible to continue my studies. 
After my retirement in 1961 I decided to publish Khanda- 
khadyaka. As Prthudaka's commentary was already 
published by Professor P. C. Sen Gupta of Calcutta 
University in 1941, I planned to edit Bhattotpala's com- 
mentary. Only one manuscript of this commentary is 
available in the Bhandarkar Oriental Research Institute, 
Poona, in Sarada script and is in a decaying condition. 
For my edition I have used this manuscript. 1 Professor 
Sen Gupta speaks of a manuscript which he took as the text 
followed by Bhattotpala. I searched it in the different 
libraries in Calcutta but could not locate it. I must mention 
here Dr. V. Raghavan's very valuable assistance in letting 
me have the location of some more manuscripts of Khanda- 
khadyaka which I had not consulted before. Of these, I 
have been able to use six, A x , A 2 , Bhe, Bh 7 , F and N", for 
the present edition. 2 

In all, I have collated twenty-three manuscripts. 
Since 1940 there has been reorganization in several libraries 



1. The manuscript was first transcribed forme in Devanagarl script 
with the help of which I read the original. While editing, orthographical 
and other irregularities have not been touched. 

2, The fifth volume of Catalogue Catalogorum, giving the manu- 
scripts of Khandakhadyaka, is now available. 
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resulting in the change of location and call numbers of 
certain manuscripts. I have left the original numbers as 
it would not have been correct to change over to the new 
numbers without again going through the manuscripts. 

The work consists of two volumes— the first volume 
gives the introduction, translation of the text of Khanda- 
khadyaka into English, mathematical notes and eight 
appendices; the second volume contains the Sanskrit text 
of Khandakhadyaka together with the commentary by 
Bhattotpala. 

I take this opportunity to express my profound respect 
to those savants whose learned works have been of immense 
assistance in my research, even if I have not always agreed 
with their conclusions. I also acknowledge the debt I owe 
to all my teachers who taught me, especially to Pandit 
Muralidhar Thakur, Dr. Lakhshman Swamp and Dr. 
Jhonston. I thank all the institutions which lent me books 
and manuscripts and particularly the Panjab University 
Library, Lahore, Bhandarkar Oriental Research Institute, 
Poona, Bodleian and other libraries at Oxford and the India 
Office Library, London. My thanks are also due to the 
National Library, Calcutta, which I have been using for 
verifying the references and studying new materials. 

In all humility I present this work to the learned 
world. I shall consider myself most fortunate if it adds 
even the minutest drop to the infinite ocean of knowledge. 



Calcutta 

1 October, 1970 
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ABBREVIATIONS 



Common abbreviations have not been included in the list. 





XU V w fJILd U IV d 


AI 


A 1 npi*nni 5 Q Tw/fin 

iUUvI LtXi.1 E> J. tvU/tfUf 


BOMS 


-Dunetm oi ine Calcutta iviatnematical Esociety 


BJT 


x>narauya jyomnsastra translated by b. Jnarkhandi 


BS 


Brhatsarhhita. 


BSS 


T?T*ft VlTTiafl'nlllTi'.Ci CJirlrlliaTi-r-ol 
AJI ctIllll<A)O^IJ.UuclollJ.LiIlclJlt«' 


Delambre 


H i fff*iO 1TO T A ftt".T*r*TinTn i/i A nAictnn «^ 


GMAM 






Mittelalter 


GT 


GrrLT1 fli K AifffLTATi 0*1 Tl 1 


IA 


Indian Antiquary 


IGI 


jlui pei j.<*i \_Tdzit! t lAJci ui xnciia 


JASB 
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INTRODUCTION 



Chapter I 

Date and Life of Brahmagtjpta 

Brahmagdpta 1 is a renowned astronomer and mathe- 
matician of the seventh century. He comes after Arya- 
bhata and Varahamihira. 

In Brahmasphutasiddhanta, xxiv. 7-8, he writes 

q^TW^T##W: T^f^T^tt: II 

Or, 'In the reign of Vyaghramukha, a great king of Capa 
dynasty, when 550 years of the Saka era had passed, Brahma- 
gupta, son of Jisnu, at the age of thirty, composed BSS to 
please the good mathematicians and astronomers.' Thus 
Brahmagupta wrote BSS in 550 Saka era or a.d. 628. As 
at that time he was thirty years old, he was born in 
a.d. 598. 

Cavotaka dynasty is mentioned in the Navsari Copper 
Plate Grant of B«lakesiraja dated Kalacuri year 490, that 
is a.d. 739. 1 There is also a list of seven kings of Capotkata 
dynasty in Prabandhacintamani of Merutunga, according to 
whom the dynasty was established at Patan in a.d. 745. 2 
Capa dynasty is also mentioned in the Haddala Grant of 
Dhranlvaraha, Prince of Vardhamana, the modern Vadhvan 
in eastern Kathiavad. According to Biihler the date of 



1. Corpus Inscriptionum Indicarum, IV, pp. 137-145. 

2. Translated by C. H. Tawney, pp. 16-21. 
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this grant is a.d. 917-918.1 Cavotaka, Capotkata and Capa 
denote the same dynasty. 2 

But it is at present difficult to identify Vyaghramukha, 
probably the royal patron of Brahmagupta. There are 
several coins bearing the name Vyaghra. Dvivedi says that 
according to some, Vyaghramukha was the king of Rewa.s 

Brahmagupta in his works does not mention anything 
about his place or family. He, however, calls himself 
'Jisnusuta' or 'son of Jisnu' in several places. His 
commentators, Prthudaka* and Amasarma* in their com- 
mentaries, call him 'Bhillamalavakacarya' and 'Bhilla- 
malakacarya' respectively. Alberuni calls him a native of 
Bhillamala. 6 It may, therefore, be concluded that Brahma- 
gupta's native place was Bhillamala. Dvivedi, however, 
interprets the above words as £ a teacher of the Bhillas', as 
they cannot mean 'a teacher of a city'.? But this kind of 
epithet is not uncommon. Bhattotpala, a commentator 
of Varahamihira, calls him 'Avantikacarya' and Varaha- 
mihira was a resident of Avantf. 

Bhillamala is an old name of the modern Bhinmal, a 
village on the northern boundary of Gujarat, to the south of 
Marwar, between Mount Abu and the river Luni, some five 
Yojanas from the former. This village was also known as 
Bhilmala and Srimala. According to Alberuni, Bhillamala 
was between Multan and Anhilwara, sixteen Yojanas from 
the latter.* Biihler identifies it with Pi-lo-mi-lo, mentioned 
by Hiuen Tsiang as the capital of Kiu-che-lo, that is the 
northern Gurjara. 9 

1. 'A Grant of Dharanlvaraha of Vadhvan' by G. Biihler J A ytt 
pp. 190-195. ' ' ' 

2. 'Central and Western India' by D. C. Ganguly, The Age of 
Imperial Kanauj, pp. 101-102. 

3. GT, p. 18. 

4. KSG, p. 1. 

5. KBM, p. 4. 

6. AI, I, pp. 153, 267. 

7. BSS, Introduction, p. 2 (edited by Dvivedi). 

8. AI, I, p. 153. 

9. 'A New Grant of Dadda II' by G. Biihler, IA, XVII, p. 192. 
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Dvivedi calls Brahmagupta a Vaisya, as his name ends 
in Gupta but Alberuni calls him a Brahmana. Brahma- 
gupta was probably a worshipper of Siva, whom he pro- 
pitiates in the beginning of his works. 



Works of Brahmagupta and His Contribution 
to Astronomy and Mathematics 

Two works of Brahmagupta, namely, Brahmasphuta- 
siddhanta and Khandakhadyaka, are now available. No 
reference to any other work by him has yet come to notice. 

BSS composed in a.d. 628 contains twenty-five chap- 
ters including Dhyanagrahopadesadhyaya, as is also ob- 
served by Alberuni. 1 It deals with important astronomical 
and mathematical topics. Brahmagupta in i. 2 claims that 
the astronomical rules given in BSS are an improvement on 
an earlier system called Brahmasiddhanta. The twelfth 
and eighteenth chapters are on arithmetic, geometry and 
algebra. The eleventh chapter, Tantrapariksadhyaya, has 
no parallel elsewhere. Brahmagupta criticizes here, and 
sometimes very severely, the rules given by his predecessors, 
especially by Aryabhata. 

Brahmagupta wrote the next work, Khandakhadyaka, a 
treatise on astronomy, in 587 Saka or a.d. 665, that is thirty- 
seven years after BSS. According to the manuscript material 
available, K consists of two parts — Purvakhandakhadyaka 
and Uttarakhandakhadyaka — the first containing nine 
chapters and the second, six. In KP, Brahmagupta, though 
using the astronomical constants given by Aryabhata in his 
Ardharatrika or midnight system as preserved in Maha- 
bhaskariya, 2 formulates less cumbrous rules. They are 
' Laghutaroktih \ In KU, Brahmagupta suggests many 
improved methods, which are his own and are remarkable 



1. AI,I, pp. 154-155. 

2. KTSG, Introduction, pp. xiii-xix; Mahabhaskarlya, chapter vii. 
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developments in the field of astronomy. Some of these 
methods are given in BSS also. 

Alberuni was well acquainted with both these works 
and quoted from them profusely in his India. 

Brahmagupta's contribution to astronomy and mathe- 
matics is invaluable. It is not possible to mention here 
all the ingenious methods for accurate calculation of 
problems, but only a few of the most striking nature are 
enumerated. 

The first is the Natakarma correction given in BSS, ii. 
20-22, and KU, iv. 1-2. The Mandaparidhi of the sun or 
moon at any time and hence the true longitude is calculated 
from the Natakala and from the Mandaparidhis as at 
midday and when the sun or moon is on the eastern or 
western Unmandala. These results are more correct than 
those calculated from the tabulated Mandaparidhis and are 
specially useful for the calculation of an eclipse. Bhas- 
karacarya repeats this correction in his SS, Ganitadhyaya, 
Spastadhikara, 68-69. Brahmagupta's corrections to the 
Mandocca and Sighraparidhi of Mars and the application of 
the Mandaphala and the Sighraphala to its mean longitude, 
given in BSS, ii. 37-40, are purely based on observation as 
remarked by Prthudaka and Bhaskara. Bhaskara repeats 
these rules in SS, Ganitadhyaya, Spastadhikara, 24-25, 35. 
The correction of Lambana in a solar eclipse, given in BSS, 
v. 14-15, and K, v. 5-6, is Brahmagupta's own and has been 
imitated by Lalla in his SV, Suryagrahanadhikara, 13-14. 
Brahmagupta's method of calculating the conjunction of 
planets, given in BSS, ix. 22-24, and KU, vi. 1-3, is note- 
worthy. According to him the time of conjunction when 
the planets are on the same Kadambaprota is not correct 
as it does not tally with that observed. He, therefore, 
gives his own rule which has been borrowed by Lalla in his 
SV, Grahayutyadhikara, 17-19. Brahmagupta's correc- 
tions to the Mandoccas of the sun, moon, Mars and Jupiter, 
to the Mandaphalas of the sun, moon and Saturn, to the 
Sighrocca of Venus, and to the Sighraphala of Mercury, as 
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given in KU, are results of long observation. In the same 
treatise his method of finding a more accurate Sighraphala 
is remarkable. But the most praiseworthy innovation is 
the calculation of a correct Bhogyakhanda by the method 
of interpolation, using the second difference — the first 
instance in the history of mathematics. 

As regards his achievements as a mathematician, 
Ganitadhyaya and Kuttakadhyaya of BSS deal with some 
historically interesting problems. His treatment of the 
rational right-angled triangles is noteworthy. He made a 
fairly complete study of cyclic quadrilaterals. The im- 
portant results are 

S = ( s ~ b ) (s-c){s-d), 

2 _(ad+bc)(ac+bd) 9 _ (ab+cd)(ac + bd) 
X ~ (ab+cd) V ~~ (ad+bc) 

where a, b, c and d are sides, x and y diagonals, s 
semi-perimeter, and S area of a cyclic quadrilateral. 
Brahmagupta also proved that if a 2 -f 6 2 = c 2 and 
^2_j_ e 2 =/2, the quadrilateral (af, ce, bf, cd) is cyclic and 
its diagonals are at right angles. 1 This figure is called 
Brahmagupta's trapezium. In algebra, Brahmagupta made 
a considerable advance surpassing Diophantus, the Greek 
algebraist, in the solution of equations involving more 
than one unknown quantity, in the resolution of equations 
of a higher order than the second, and, especially, in the 
complete solution of indeterminate equations of the first 
degree and partial solution of the second. Bhaskaracarya, 
who in the twelfth 'century gave a complete rational in- 
tegral solution of the indeterminate equation Nx z -{-l = y 2 , 
deduced his rules from the Lemma of Brahmagupta given 
in BSS, xviii. 64-65. Tannery, Cantor, Heath, Kaye and 
others suggest an 'ultimate Greek origin' for the Indian 
solution, a vague expression somewhat difficult to under- 
stand in view of the lack of similarity between the 

1. BSS, xii. 21, 28, 38 (also Dvivedi's commentary, pp. 189, 191, 

196). 
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Diophantine method and Bhaskara's solution ;i nor does the 
Archimedean Approximation come in question, as it is not 
necessary to prove Brahmagupta's Lemma on which Bhas- 
kara based his solution. Brahmagupta also showed ex- 
treme ingenuity in the application of algebra to astrono- 
mical investigations. 

There is no doubt that Brahmagupta well understood 
the science of mathematics and astronomy. Yet he occa- 
sionally tried to adjust the science with orthodox beliefs, 
for which Alberuni criticizes him severely and says, 'Such 
words involve a sin against conscience.' Brahmagupta 
made several mistakes in calculations. His rule for Kati, as 
given in BSS, v. 9-10, is not correct. It was criticized by 
Bhaskara.2 Brahmagupta was a keen observer; yet he 
made no allowance for the precession of equinoxes in his 
calculations, though it had long been known in India.s 
Bhaskara raised this question and attributed the omission 
to the smallness of the rate of precession. 4 

These few shortcomings, however, do not eclipse 
Brahmagupta's merits. His works gave guidance to several 
Indian astronomers. The most famous of them is 
Bhaskaracarya, who has lavished enormous praise and 
rightly, too, on Brahmagupta's works. His works were not 
confined only to India. They were translated into Arabic, 
and were a source of knowledge to the Arabs, who learnt 
astronomy from the Indians. 5 



1. Hankel in GMAM, p. 202, says, «sie ist sicherlich das Feinste, was 
in der Zahlenlehre vor Lagrange geleistet worden ist.' 

Y. C. Ray in his Introduction to Siddhantadarpana (p. 13) writes, 'An 
indeterminate equation of the second degree, of which he gives a solution, 
was a prize problem in Europe as late as the seventeenth century.' 

2. SS, Ganitadhyaya, Suryagrahanadhikara, commentary after 
verse 19. 

3. BSS, ii. 551 

4. S3, Goladhyaya, Golabandhadhikara, commentary on 17-19. 

5. AI, II, p. 304. 
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Commentators of Khandakhadyaka 

Brahmagupta begins Khandakhadyaka with the follow- 
ing verses 

SrfcFIW TT^T%# W\4<M fd ft *fffatWf%g{ I 

Ndil^RRTlf^J ^^R^W^cTTtf^r^r: II 

Or, ' I bow to Mahadeva, the cause of creation, existence and 
destruction of the universe. I now write Khandakhadyaka, 
which gives the same results as those obtained from Arya- 
bhata's formulas. His rules are lengthy and hence im- 
practicable for daily purposes, such as marriage, birth and 
the like. Mine, on the other hand, are brief, yet yield 
similar results.' 

Aryabhata was an astronomer of very great reputation. 
If about two centuries after him another astronomer could 
give more brief formulas bearing the same astronomical 
results, it is natural that attention of all the astronomers and 
astrologers should be drawn towards this treatise. 

There is something more. Khandakhadyaka consists of 
two parts — Purva and Uttara. Brahmagupta begins the 
Uttara part with 

Or, ' I write the second part, because all the rules of Arya- 
bhata do not give correct results'; in other words, they do 
not tally with the observations. Thus Khandakhadyaka, 
not being a mere copy of Aryabhata's rules, but also 
containing definite improvements, became a popular hand- 
book of Indian astronomy and, therefore, inspired many 
astronomers to write commentaries on it. 

It is most unfortunate that some of the earlier commen- 
taries are not available and are known only through a few 
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references. Some of the dates are still subjects of contro- 
versy. In some cases there is a complete absence of data. 
It is, therefore, difficult to arrange the commentators in a 
strict chronological order. 

According to materials available, Lalla may be con- 
sidered the earliest commentator. His commentary is not 
available. But Amasarma, a later commentator, refers to 
the commentary by Lalla in his commentary on Khanda- 
khadyaka. In the very beginning of his commentary he 
says 

or, < I first studied the commentaries by Lalla, Utpala and 
Somesvara.'i Later on Amasarma quotes from Lalla's com- 
mentary; he says 

or, 'Lalla writes in Khandakhadyapaddhati.'^ Again the 
words, ^^ftrq^nri^nrt:, or 'commentaries by Lalla and 
Utpala' occur in KBM, p. 57. 

The question now arises as regards the date of Lalla. 
Are Lalla, the commentator, and Lalla, the author of 
Sisyadhivrddhida, the same, and, if so, of what date ? The 
author Lalla's date according to Dikshit is 560 Saka era 3 
and according to Dvivedi 421 Saka era.* In that case the 
author Lalla could not be the commentator of Khanda- 
khadyaka written in 587 Saka era. 

There is, however, strong evidence to support the 
identity of the two writers. From certain astronomical 
observations made by Lalla in his Sisyadhivrddhida, Sen 
Gupta has proved that Lalla lived between a.d. 713 and 
768.5 Moreover, Lalla's rule for Bijas or corrections to be 



1. KBM, p. i. 

2. KBM, p. 27. 

3. BJT, p. 313. 

4. GT, p. 10. 

5. KTSG, Introduction, pp. xxv-xxvi. 
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applied to the calculations, based on Aryabhata's formulas, 
is derived from the proportion, 250: correction given : : (given 
Saka era— 420): ? ; that is, in 420 Saka era, which is Arya- 
bhata's time, no correction was necessary, but it was so 
after a period of 250 years. 1 It may, therefore, be conclud- 
ed that the author Lalla lived in 670 Saka era or in the 
first half of the eighth century, that is after Brahmagupta. 

Paramesvara, a commentator of Aryabhatlya, calls 
Lalla a Sisya of Aryabhata. 2 But Sisya need not necessarily 
mean a direct pupil. It could also be used for a follower. 
Lalla does not include himself in the list of Aryabhata's 
disciples ; 3 moreover, he probably would not have criticized 
his living Guru's theory of the rotation of the earth. 4 He 
was a follower of Aryabhata to a certain extent as is evident 
from his statement that his Tantra will give the same astro- 
nomical results as those of Aryabhata. 5 

Had the author Lalla preceded Brahmagupta, he, a 
follower of Aryabhata, could not have escaped criticism in 
the Tantrapariksadhyaya of Brahmasphutasiddhanta, where 
Brahmagupta criticizes Aryabhata and his school. 

Moreover, there are many similarities regarding the 
rules given in Brahmasphutasiddhanta, Khandakhadyaka 
and Sisyadhivrddhida. Brahmagupta repeatedly claims 
them as his own. So it is Lalla who borrowed them from 
him. 

Amasarma. mentions Lalla commentator of Khan- 
dakhadyaka. He also quotes profusely from Sisyadhi- 
vrddhida. 6 But nowhere he makes a distinction between 
the author and the commentator. 

The evidence is thus at present in favour of the view 
that the author Lalla is the same as the commentator Lalla, 



1. SV, Madhyamadhikara, 59-60; Uttaradhikara, 18-19.' 

2. AB, Kalakriyapada, commentary on 10. 

3. SV, Madhyamadhikara, 2. 

4. SV, MithyajMnadhyaya, 42. 

5. SV, Uttaradhikara, 22. 

6. KBM, pp. 5, 9, 13, 16, 54-57, etc. 
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but cannot perhaps be deemed conclusive till a manuscript 
of Khandakhadyapaddhati is discovered. 

Lalla says that his grandfather was Samba and his 
father, Trivikrama.i 

The only work of Lalla now available is Sisyadhi- 
vrddhida, a Tantra, dealing with the main astronomical 
topics, in two parts, Ganitadhyaya and Goladhyaya. Many 
rules are borrowed from Brahmagupta but without any 
acknowledgement. Bhaskaracarya was well acquainted 
with this work. He follows Lalla's Laghujya method. He 
also criticizes him in several places in Siddhantasiromani. 
Lalla may have written on mathematics also. Bhaskara 
quotes and criticizes his formula for the surface of a sphere.* 
According to Sripati as given in the opening stanza of 
Ratnamala, and Govinda as given in his commentary, 
Piyusadhara on Muhurtacintamani, Lalla wrote also on 
astrology.3 R ay on p. 81 of Amader Jyotisi Jyotisa says 
that Lalla was the author of a Samhita called Hatnakosa, 
not available now. 

Balabhadra is another commentator. Nothing definite 
can be said about his date. The earliest mention about him 
is by Prthudaka, who was in the second half of the ninth 
century. But whether he came before or after Lalla is not 
known. 

Balabhadra appears to have written commentaries on 
Brahmasphutasiddhanta and Khandakhadyaka. Prthudaka 
in his commentary on Brahmasphutasiddhanta gives Bala- 
bhadra's version of a part of Arya 66 in Bhagrahayutya- 
dhikara.4 Alberuni quotes Balabhadra profusely in his 
India and always calls him < Balabhadra, the commentator'. 
Though Alberuni nowhere states specifically that Balabhadra 
wrote a commentary on Brahmasphutasiddhanta, he, while 
quoting Brahmagupta's rules from that work, gives 

1. SV, Uttaradhikara, 21. 

2. SS, Goladhyaya, Bhuvanakosa, commentary on 57. 

3. Subhasubhaprakarana, commentary on 41, 49. 

4. Manuscripts, India Office Library (see Bibliography). 
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Balabhadra's explanation also. In one instance Alberuni 
quotes from Balabhadra's commentary on Khanda- 
khadyaka. 1 

Nothing is known about Balabhadra's residence. On 
his authority, however, Alberuni gives 26° 35' as the lati- 
tude of Kanauj and 30° 12' as that of Thaneswar. 2 

According to Alberuni, Balabhadra was the author of a 
Tantra, a Samhita and a commentary on Brhajjataka. He 
also suggests that Balabhadra may be the author of an 
otherwise unknown third part of Khandakhadyaka called 
Khandakhadyakatippa, explaining the rules of Khanda- 
khadyaka. 3 In the incomplete manuscript of Prthudaka's 
commentary on Brahmasphutasiddhanta, there are three 
quotations from Balabhadra — the number of revolutions of 
the sun in a Kalpa, the number of Avamaratras in a Kalpa, 
and ten &lokas giving the mean daily motions of the planets. 
Bhattotpala quotes Balabhadra in his commentary on 
Brhatsamhita. 4 Balabhadra is also quoted by Ballalasena 
in his Samhita called Adbhutasagara. Nothing can, how- 
ever, be said about the works from which these quotations 
were taken. They at least show that Balabhadra's works 
were considered important. 

Prthudaka comes after Lalla and Balabhadra. In- 
complete manuscripts of his commentaries on Brahmasphuta- 
siddhanta and Khandakhadyaka are available. 

His complete name was Caturveda Prthudakasvami, 
which he uses practically in every colophon in both the 
commentaries. He also calls himself 'PrthusvamT'. Bhas- 
kara calls him 'Caturvedacarya'. 5 Amasarma sometimes 
calls him 'Caturveda' only. 6 



1. AI, II, p. 187. 

2. AI, I, p. 317. 

3. AI, I, pp. 156-158. 

4. Dvivedi's edition of BS, I, pp. 27, 34, 35. 

5. SS, Goladhyaya, Bhuvanakosa, commentary on 58-61; Drkkar- 
mavasana, commentary on 16-17. 

6. KBM, pp. 149, 151, 168. 
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Prthudaka does not mention any date in his commen- 
taries. He, however, uses 786 Saka era to illustrate the 
rules in Khandakhadyaka. It can, therefore, be concluded 
that the commentary was written in 786 Saka era or 
a.d. 864. Amasarma says that Prthudaka gave 6° 30' as the 
total value of the precession in 800 Saka era or a.d. 878 i 
Anyhow, Prthudaka can safely be placed in the second 
half of the ninth century. 

Prthudaka calls himself son of Madhusudana but is 
silent about his place of residence. In his commentary on 
Brahmasphutasiddhanta, at several places, he says that the 
latitude of Kanyakubja is 26° 35'; in his commentary on 
x 37, he calculates the Natamsa of Agastyain Kanyakubja; 
and in his commentary on xxi. 10, he gives the Natamsa 
ol the sun at Kanyakubja on the day of Daksinayana.* He 
was probably living in Kanyakubja while writing the 
commentary. 

Again, in the commentary on Khandakhadyaka, he cal- 
culates the positions of the planets as observe'd from Kuru- 
ksetra ;3 shows that the distance between Ujjayini and 
Kuruksetra is one hundred and twenty Yojanas;* and uses 
the latitude, Caras and Palabha at Kuruksetra to solve 
problems in Triprasnadhyaya.s He probably wrote the 
commentary at Kuruksetra. According to a traditional 
story he left his home to become a Svami or wandering 
mendicant. He was a follower of Visnu, whom he praises in 
the propitiatory Slokas. 

Prthudaka's commentaries show his knowledge of 
mathematics and astronomy. He explains and illustrates 
the rules of Khandakhadyaka. He proves some of the rules 
of Brahmasphutasiddhanta and also gives his own examples 
to the rules of Ganitadhyaya. In the same chapter he gives 

1. KBM, p. 108. 

3 KSG USCriPtS ' India 0fflCe LibrSly (S6e Bibli °g r aphy) 

4. ksg! P- 17. 

5. KSG, pp. 25, 85. 
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his own rules on Suvarnaganita and on the summation of a 
series in geometrical progression. 1 Bhaskara follows these 
and several other rules in his mathematical works. With 
all his erudition Prthudaka sometimes misunderstood 
Brahmagupta's rules. 

Amasarma has quoted Prthudaka on several occasions 
in his commentary on Khandakhadyaka. 

Alberuni, a student of Brahmagupta's works, does not 
appear to have come across Prthudaka 's commentaries. 
He, however, knew him as a scholar. 2 

Bhattotpala is the next commentator. One manuscript 
of his commentary on Khandakhadyaka, Purva and Uttara, 
is in the Bhandarkar Oriental Research Institute, Poona, on 
which the present edition is based. Babua Misra and Sen 
Gupta also refer to a manuscript, following Bhattotpala's text, 
but do not give any detailed description of it. 3 It appears 
to be different from the Poona Manuscript. Dvivedi speaks 
of a manuscript with Bhattotpala's commentary in GT, p. 22. 

Bhattotpala calls himself Utpala in the beginning of his 
commentary on Brhatsamhita. Alberuni always refers to 
him as Utpala. 

At the end of his commentary on Brhajjataka, Bhattot- 
pala writes 

'I completed this commentary in 888 Saka era. 5 Again, at 
the end of his commentary on Khandakhadyaka, he writes 

'I completed this commentary in 890 Saka era.' Bhattot- 
pala's date then must be tenth century. 

Both Alberuni and Varuna call him a native of Kashmir. 

1. Manuscripts, India Office Library (see Bibliography). 

2. AL I, p. 158. 

3. KBM, Preface, p. i. 

KTSG, Introduction, p. xxiii; KSG, Preface, p. ix; pp. 154^167. 
I have not been able to locate this manuscript. 
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The present edition will show that Bhattotpala not only 
explained the verses of Khandakhadyaka, but at many 
places added rules of his own. 

Bhattotpala was well acquainted with Prthudaka's com- 
mentary on Khandakhadyaka, though he does not acknow- 
ledge it anywhere in his commentary. There is a strong 
resemblance between Prthudaka's and Bhattotpala's style 
as Sen Gupta's edition and the present edition will show. 

Bhattotpala's famous commentaries on Brhatsamhita 
and Brhajjataka display his astronomical and astrological 
knowledge. These works are the more valuable as they 
contain many quotations from early authorities, most of 
which are now lost. Bhattotpala also wrote commentaries 
on Laghujataka and Yogayatra, two other works of Varaha- 
mihira. He commented on Satpancasika, an astrological 
work by Prthuyasas, son of Varaha. While commenting on 
the fifty-sixth stanza, he says that he has written a book 
called Prasnajnana, a manuscript of which Dvivedi saw in a 
private house in Banaras. 1 Alberuni calls him the author 
of Prasnagudhamana or 'the questions of the science of 
the unknown', and Srudhava, and also of a commentary on 
the great Manasa composed by Manu. 2 These works are 
not available at present. 

After Bhattotpala comes Varuna, another Kashmirian. 
His commentary is on both the parts of Khandakhadyaka 
and the manuscripts available are complete. He calls 
himself Varunopadhyaya. 

Varuna does not give his date anywhere, but he uses 
958-966 6aka years in his illustrations, whence it should be 
inferred that he -lived in the beginning of the eleventh 
century. At the end of the commentary on KP, i. 3-5, 
there is a quotation from Siddhantasiromani of Bhaskara, 
which would place him not earlier than the twelfth century. 
This being the only quotation from Bhaskara and in view of 



1. GT, p. 22. 

2. AI, I, pp. 157, 158, 361. 
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the evidence from his examples, the quotation may be 
taken as a later interpolation. 

As the manuscripts show, Varuna calls himself 'Bhatta- 
sinkhabhillatmaja ' once in the colophon at the end of the 
first chapter of Purvakhandakhadyaka and again in the 
beginning of Uttarakhandakhadyaka. So his father's name 
must have been Sinkhabhilla. 

Varuna calculates the positions of the planets as ob- 
served from Urusadesa. According to him the distance 
between Kasmir and Ujjayim is ninety-nine Yojanas. He 
adds that this may be taken as the distance between 
Urusadesa and Ujjayini as well, as the former is near Kasmir, 
which apparently is the modern Srinagar. Later in the 
beginning of Uttarakhandakhadyaka he describes himself as 
Carayyatanivasi, or 'a resident of Carayyata'. He gives 
34° 8' 11" as the latitude of his residence, which evidently 
was in the neighbourhood of the present Srinagar. 

Varuna illustrates the rules of Khandakhadyaka, both 
Piirva and Uttara. 

Varuna was well acquainted with the commentaries of 
Prthudaka and Bhattotpala. In several places in his 
commentary he has borrowed expressions from both, without 
any acknowledgement. When, however, he gives Prthu- 
daka's rules on Vyatipat and Varsadhipa, he says so. He 
has mentioned Bhattotpala twice in his commentary. 

The next commentator is Amasarma. His commentary 
on Khandakhadyaka, known as Vasanabhasya, has been 
edited by Babua Misra. He is also known as Amaraja. 1 

Amasarma has nowhere given his date. While com- 
menting on the second verse in the first chapter of Uttara- 
khandakhadyaka, as given in the present edition, he quotes 
Trivikrama's corrections to the longitudes of the planets 
calculated according to the rules of Khandakhadyaka, 
wherein 1102 Saka era is used. 2 This must have been the 
time of Trivikrama. So Amasarma, his pupil, can be placed 

1. KBM, p. 1. 

2. KBM, pp. 20-21. 
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a little later. This is also supported by the fact that he 
has quoted Bhaskara several times in his commentary.* 

Amasarma was the son of Mahadeva, as he calls himself 
Mahadevatmaja in the colophons in his commentary. His 
place of residence was probably Anandapur, 2 the modern 
Vadnagar. 3 

Amasarma explains and proves the rules in Khanda- 
khadyaka. He has quoted from various astronomical 
works. His quotations from Lalla, PrthMaka and Bhattot- 
pala are very useful. At one place he quotes from Prthu- 
daka's commentary on Brahmasphutasiddhanta. 4 Follow- 
ing Prthiidaka he wrongly calculates Valana and Ayanadrk- 
karmakala, by means of Utkramajya instead of Kramajya.s 
He also wrongly associates the Arya ' Manardhat, etc.,' with 
Bhattotpala, though the author is Brahmagupta. 6 

Apart from these few mistakes, his commentary is very 
useful for understanding Khandakhadyaka. 

According to present knowledge these are the important 
commentators of Khandakhadyaka. 

Pour of the manuscripts collated for this edition, 
namely, Bh 4 , Bh 6 , l x and N u contain commentaries by 
anonymous commentators. 

The commentator of manuscript Bh 4 most probably 
belongs to the seventeenth century. He uses 1564 Saka era to 
illustrate the rules. He also says that 977 &aka years have 
passed since Khandakhadyaka was written. 

He calculates the Desantarakalas of Kasmir, which are 
the same as those given by Varuna. He quotes from as- 
tronomers, belonging to Kashmir. He appears to have 
been a Kashmirian. 

He does not explain all the rules in Khandakhadyaka. 
He selects only those Aryas, which are useful for a Pancanga. 

1. KBM, pp. 6, 96, 108, 171, 192. 

2. KBM, pp. 87, 94. 

3. IGI, XXIV, p. 292. 

4. KBM, p. 108. 

5. KBM, pp. 134-136, 167-168. 

6. KBM, p. 41. The Arya is BSS, xiv. 29. 
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The commentator of manuscript Bh 6 also appears to be a 
Kashmiriaii. He uses 1564 Saka era to illustrate some of 
the rules. Probably he also belongs to the seventeenth 
century. He does not explain all the rules but chooses only 
those which are useful for a Pancanga. 

The commentator of manuscript I x can be placed in the 
eighteenth century. He mostly uses 1680 &aka era for the 
examples and says that 1093 Saka years passed since 
Khandakhadyaka was written. 

He must also have been a Kashmirian. He mentions 
Kasmir and its inhabitants at several places. He gives the 
Desantarakalas in Kasmir, the same as those given by 
Varuna. 

He explains and illustrates only those rules, which are 
useful for a Pancanga. He quotes from several authorities, 
all relating to Pancanga. 

The commentator of manuscript N x must have been a 
resident of Nepal. In the beginning of the commentary he 
says that 802 years should be added to the Nepal era to con- 
vert it into Saka era. The incipits only of the Aryas in Khan- 
dakhadyaka are given. He explains the rules and illustrates 
a few of them. 

Sridatta is another commentator belonging to Nepal, a 
manuscript of whose commentary is mentioned in the 'Cata- 
logue of Palm Leaf and Selected Paper Manuscripts, 
belonging to the Durbar Library, Nepal', by H. P. Sastri. 1 

Amasarma refers to Somesvara as a commentator of 
Khandakhadyaka. 2 He also mentions Trivikrama as the 
author of Khandakhadyakottara, 3 from which he quotes 
profusely. 4 

The above number of commentators shows the popu- 
larity and utility of Khandakhadyaka. 



1. I have not been able to study this manuscript. 

2. KBM, pp. 1, 30. 

3. KBM, p. 23. 

4. KBM, pp. 20, 24, 43, 45, etc. 
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Editions of Khanpakhadyaka 

Khandakhidyaka 

by Babua Misra Jyotishacharyya 

An edition of iB^andakhadyaka with Amasarma's com- 
mentary, known as Vasanabhasya, was brought out by 
Pandit Babua Misra Jyotishacharyya of Calcutta University 
in 1925. This is based on one incomplete manuscript 
given to him by Dr. Thibaut. For the readings of the text, 
Pandit Babua Misra also consulted other old, torn and 
incomplete manuscripts containing commentaries by Prthu- 
daka, Bhattotpala and Varuna. This, however, is not a 
critical text. It is the text followed by Amasarma, who, as 
will be shown later, is not faithful to the original work of 
Brahmagupta in respect of division and arrangement of the 
contents of the treatise. 



Khanpakhadyaka 

by P. C. Sen Gupta 

Another edition of Khandakhadyaka with Prthudaka's 
commentary was brought out by Professor Sen Gupta of 
Calcutta University in 1941. A translation in English was 
published by him in 1934. The manuscript containing Prthu- 
daka's commentary is incomplete and gives only the Purva- 
khandakhadyaka and that too perhaps partially. Professor 
Sen Gupta has not, therefore, been able to reconstruct the 
Uttarakhandakhadyaka. 

18 
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A critical edition of the text, endeavouring to represent 
the archetype as closely as possible, is still a desideratum, 
which the present edition is intended to meet, so far as the 
examination of the manuscript material hitherto not uti- 
lized allows. 



Description of the Mant/scbipts 

The following manuscripts have been collated word for 
word for the constitution of the text : 

1. Anandasrama, Poona, 4351 . . . . Aj 

2. Anandasrama, Poona, 6670 . . A 2 

3. Baroda State Library 1 . . . . B 

4. Konigliche Bibliothek, Berlin 2 . . . . Be 

• 5. Bhandarkar Oriental Research Institute, Poona, 

60 of 1869-70 .. .. Bhj 

6. Bhandarkar Oriental Research Institute, Poona, 

526 of 1875-76 " .. .. .. Bh 2 

7. Bhandarkar Oriental Research Institute, Poona, 

527 of 1875-76 . . . . Bh 8 

8. Bhandarkar Oriental Research Institute, Poona, 

529 of 1875-76 . . . . . . ' Bh 4 

9. Bhandarkar Oriental Research Institute, Poona, 

819 of 1887-91 . . . . Bh 6 

10. Bhandarkar Oriental Research Institute, Poona, 

188 of 1883-84 . . . . . . Bh 6 

11. Bhandarkar Oriental Research Institute, Poona, 

820 of 1887-91 .. .. .. Bh 7 

1, Now in the Library, Oriental Institute, Baroda. 

2. The manuscript cannot now be traced. 
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12. Bhandarkar Oriental Research Institute, Poona, 

528 of 1876-76 . . . . . .' Bhg 

13. Dayanand Anglo-Vedic College, Lai Chand 

Library, Lahore, 5070 1 .. j) t 

14. Dayanand Anglo-Vedic College, Lai Chand 

Library, Lahore, 246 1 1 . . jy 2 

15. Mandlik Section of Fergusson College Library, 

Poona, 35/BL . . -g 

16. India Office Library, London, 421 under 2966, 

Eggeling's Catalogue . . j 

17. India Office Library, London, 3341 b under 6289, 

Keith's Catalogue . . . . 'j 

18. Raghunath Temple Library, Jammu, 2754 . . J 

19. Government Sanskrit CoUege Library, Benares 

3772 ' 

20. National Museum, New Delhi, 57.106/595 . . N 

21. Durbar Library, Nepal, 933 (^r) 3 .. _ jj 

22. Durbar Library, Nepal, 3 3 . . . . N 2 

23. Panjab University Library, Lahore, 144* . . p 



Manuscript, Anandasrama, Poona 
Number 4351 A x 

Size: 16 cm. by 20 cm. Material: paper. Number of 
folios: 150. Number of lines per page: 16; 9 lines on the 
last page. Character: Devanagari. Date: 1810 Saka era. 
Scribe: Vinayaka. 

Hosh^r ^ amated V. V. Research Institute Library, 

2. Now known as Varanaseya Sanskrit Vishvavidyalaya. 

3. As given in 'A Catalogue of Palm Leaf and Selected Paper Manu- 
scripts, belongmg to the Durbar Library, Nepal' by H. P. Saatr i, i 90 5. 

4. Now University of the Panjab Library, Lahore. 
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This is a complete manuscript containing the text of KP 
and KU, with Varuna's commentary. KP has nine chapters 
and KU, six. The chapters have the same sequence and titles 
as given in the present edition. The commentary explains 
only a few verses but illustrates almost all the rules. 

The manuscript has numerous spelling and grammatical 
mistakes; one, therefore, wonders whether the scribe knew 
Sanskrit. Rules of Sandhi are not always observed. The 
manuscript is neatly written, legible and jn good condition. 
There are occasional comments in another hand. 

The following is written at the end of the last colophon 

Manusceipt, Anandaseama, Pooka 
Number 6670 A 2 

Size: 17 cm. by 21 cm. Material: paper. Number of 
pages : 32. Number of lines per page : generally 16. Charac- 
ter: Devanagari. Date: after 1875. Scribe: not given. 

It is an incomplete manuscript breaking off in the middle 
of the ninth chapter. The scribe in a footnote on page 1 of 
the manuscript writes in Marathi, the substance of which 
is that originally the first eleven pages of this manuscript 
were written with the help of MS. 529 of 1875-76 in the 
Deccan College collection and after that it was finalized 
with the help of two other MSS., 526 and 527 of 1875-76 
in the same collection. All these three manuscripts, Bh 4 , 
Bh 2 and Bh 3 respectively, are in the list of manuscripts 
collated for this edition. The present manuscript, therefore, 
is not of much use for constituting the text. 

The manuscript gives the text of K and very rarely 
one or two sentences from Varuna's commentary. 

The verses are numbered. 
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Manttsceipt, Baeoda State Library B 

Size: 28 cm. by 15-3 cm. Material: paper. Number 
of folios: 157. Number of lines per page: 11. Character: 
Devanagari. Date : not given. Scribe : not given. Peculiar- 
ity of writing: archaic writing is often used; for example, 
RT for ^, Rfc for etc. 

It is an incomplete manuscript containing the text of 
KP with Prthudaka's commentary. It has seven complete 
chapters, a lacuna at the end of the eighth chapter and breaks 
off in the middle of the commentary on the fourth verse 
ofKU. 

Every verse is numbered and sometimes wrongly. 
Omissions and corrections are noted in the margin, many 
in the same hand, and a few in a different hand. The 
manuscript is neatly written and is in good condition. 
There are many spelling and grammatical mistakes. 
Rules of Sandhi are often neglected. 



Mantjsoeipt, Koniglichb Bibliothbk, 
Beelin Be 

Size: 25 cm. by 15-3 cm. Material: paper. Number 
of folios: 125; number 40 is repeated twice. Number of 
lines per page: 10 to 11. Character: Devanagari. Date: 
not given. Scribe: not given. Peculiarity of spelling: 
M is often written for «r and vice versa. 

In contents this manuscript agrees verbatim with B. 
The variants are very few and unimportant. It has other 
mistakes in addition to those in B. It has probably been 
copied from B. 

Most of the verses are numbered and sometimes wrongly. 
Omissions and corrections are written in the margin, with 
purple or black ink/sometimes by the copyist and some- 
times in another hand. The manuscript is neatly written and 
is in good condition. There are more grammatical and 
spelling mistakes than those in B. 
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Manuscript, Bhandarkar Oriental Research 
Instittjte, Poona 

Number 60 of 1869-70 Bhi 

Size: 25-5 cm. by 15 cm. Material: paper. Number 
of folios: 105; number 33 is missing. Number of: lines 
per page: 12. Character: Devanagari. Date: not given. 
Scribe: not given. Peculiarity of writing: archaic writing 
is sparingly used and sometimes wrongly. 

In contents this manuscript agrees verbatim with B. 
It has other mistakes besides those in B. It is also 
presumably a copy of B. 

A few corrections are written in the margin in the same 
hand. The manuscript is neatly written and is in good 
condition. It has more spelling and grammatical mistakes 
than those in B. 



Manuscript, Bhandarkar Oriental Research 
Institute, Poona 

Number 526 of 1875-76 Bh 2 

Size: 21 cm. by 12 cm. Material: Kashmir paper. 
Number of folios: 136. Number of lines per page: 12 to 14. 
Character: !§arada. Date: 1928 Vikrama Samvat. Scribe: 
Hundedevarama. 

In contents this manuscript agrees verbatim with Ai. 
It has, however, fewer mistakes. 

The verses are not numbered. A few omissions are 
made good in the margin in the same hand. The manuscript 
is clearly written.. It is in a fairly good condition, but the 
last page is torn. There are very few spelling mistakes. 
Rules of Sandhi are mostly observed. 
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Manuscript, Bhandarkar Oriental Research 
Institute, Poona 

Number 527 of 1875-76 Bh 3 

Size: 35 cm. by 15-3 cm. Material: paper. Number of 
folios: 133. Number of lines per page: 11. Character: 
Devanagari. Date: not given. Scribe: not given. 

In contents this manuscript agrees verbatim with Ai. 
It has, however, fewer mistakes. 

The verses are not numbered. Sometimes omissions 
are indicated in the margin in the same hand. It is neatly 
written and is in good condition. 



Manuscript, Bhandarkar Oriental Research 
Institute, Poona 

Number 529 of 1875-76 Bh 4 

Size : 22-1 cm. by 15-3 cm. Material : paper. Number of 
folios : 69. Number of lines per page : 10. Character : Deva- 
nagari. Date: not given. Scribe: not given. 

This is a complete manuscript in itself, but doesnot con- 
tain all the topics of K. The text is not divided into chapters 
but the contents can be divided into seven parts. There 
are a very few verses from K but a good number relates to 
Paficanga material. A brief description of the contents is 
given in App. II. 1. 

The manuscript gives a commentary by some anony- 
mous writer, who mainly illustrates the rules. 

The verses are not numbered. A few omissions are 
noted in the margin in the same hand. It is a neatly 
written manuscript and is in good condition. There are no 
spelling mistakes. Rules of Sandhi are observed. 
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Manuscript, Bhandarkar Oriental Research 
Institute, Poona ~ 

Number 819 of 1887-91 Bh 6 

Size: 26 cm. by 11 cm. Material: paper. Number of 
folios: 3. Number of lines per page: 15-19. Character: 
Devanagari; Jaina Lipi. Date: not given. Scribe: not 
given. Peculiarity of writing: archaic writing is used 
throughout. 

This is a complete manuscript containing KP in eight 
chapters and KU in six chapters. In addition, the manu- 
script has a third part containing Slokas on Bija, Candra- 
suryagrahana, Udayasta and Grahayuti. The number of 
chapters in KP, the number of verses and their sequence 
in each chapter are exactly the same as those in KBM. The 
second verse in the third chapter in KBM is not found in any 
other manuscript but Bh 5 . Even the readings are alike. 

The only substantial difference between the two is in 
respect of the Uttara portion. Bh 5 has it separately and 
KBM has the Uttara verses inserted among the Piirva verses 
in six chapters. Bh 5 has all these Uttara verses excepting 
the one given in the sixth chapter of KBM, Bh 5 divides 
the Uttara verses into six chapters, making two chapters out 
of KBM's Uttara verses in the fourth. These are Candra- 
suryaparvanottara and Parvanayanottara. Bh 5 has one 
more verse in the third chapter omitted by KBM. 

Owing to their almost identical contents, it may be 
suggested that either Bh 6 and KBM have the same origin or 
one is based on the other. A scrutiny of the third part of 
Bh 5 would, however, support the view that Bh 5 is based on 
Amasarma's text and not vice versa. This part contains 
24| Slokas which are given in Amasarma's commentary ; the 
first six are attributed by him to Durga, the next one to 
Rihliya and the remahiing to Trivikrama. The commentary 
contains many more quotations from Trivikrama. Those 
given in Bh 6 are comparatively more important. The order 



26 



KHA SPAKJTAD YAKA 



of the Slokas is also the same as that in which they occur 
in Amasarma's commentary. A brief description of the 
third part is given in App. III. 1. 

It, therefore, appears that the version given in Bh 6 is 
most probably based on Amasarma's text and commentary. 

The verses in this manuscript are not numbered. There 
are no omissions and corrections. The opening invocation 
to Jina shows that the manuscript is of Jaina origin. It is 
neatly written, old, torn at the edges and accurately spelt. 



Manuscript, Bhandarkar Oriental Research 
Institute, Poona 

Number 188 of 1883-84 Bh 6 

Size: 20 cm. by 15 cm. Material: paper. Number of 
folios: 20 available. Number of lines per page: 17-20. 
Character: Devanagari. Date: not given. Scribe: not 
given. 

It is an incomplete manuscript with a commentary 
by an anonymous writer. There is a lacuna after folio 10, 
and then folio 31 starts. The manuscript breaks off after 
folio 40. 

The manuscript begins with 

?ff TO* JR#| # wr STF^tl TO ^zrffcwft 
irl^ft TO: I 

This is written in Sarada script. The first two verses 
are also written in Sarada script. The remaining manuscript 
is written in Devanagari script. 

The commentator appears to have written it for the use 
of Paficanga. He does not follow the text of K but selects 
only those verses which are of use to him. He explains 
and illustrates them. An outline of the contents of this 
manuscript is given in App. II. 2. 
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The verses are not numbered. There are many spelling 
mistakes. Rules of Sandhi are not always observed. 

Manuscript, Bhandarkar. Oriental Research 
Institute, Poona 
Number 820 of 1887-91 Bh 7 

Size: 25 cm. by 12 cm. Material: paper. Number of 
folios available : 18 ; 1, 10, 1 1, 12 and 13 are missing. Number 
of lines per page : 7-10. Character : Devanagari. Date : not 
given. Scribe: not given. Peculiarity of spelling: 
gsf ; ^5#; etc. 

This manuscript has no beginning. It starts with a part 
of the ninth verse of the third chapter. The eighth chapter 
finishes on folio 9 . The ninth begins On the same page. Then 
there is a lacuna. The ninth and tenth chapters and the 
first verse of the eleventh chapter are missing. The next 
folio is numbered 14. 

The manuscript has sixteen chapters. K proper finishes 
after the fifteenth — nine Purva and six Uttara. The 
sixteenth chapter has 25 Slokas, which are given in App. 
III. 2. They are not related to the text of K, yet the 
colophon to this chapter is 

This manuscript shows how copies of K have been made 
without any attempt to preserve the original. 

The verses are generally numbered and sometimes 
wrongly. Errors in spelling are numerous. The manu- 
script is written neatly. 

The first folio available is not numbered. The second 
is numbered 2. This, however, cannot be possible, as the 
first two chapters are missing. 
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Manuscript, Bhandarkar Oriental Research 
Institute, Poona 

Number 528 of 1875-76 Bh 8 

Size: 22-8 cm. by 20-3 em. Material: birch-bark. 
Number of folios: 169; 1-7 are missing. Number of lines 
per page: generally 19-20. Character: Sarada. Date: not 
given. Scribe: Vibudharatna. 

It is an incomplete manuscript without beginning or 
end.i It is a text of K with Bhattotpala's commentary. 
It has nine chapters in KP and six in KU. Excepting the 
first 14 verses of the first chapter of KP, the manuscript is 
complete as far as K is concerned. KP ends on folio 80 
and KU on 110. After that there are some examples on 
solar and lunar eclipses and some more astronomical and 
astrological calculations, which have no bearing on K. These 
must have been copied by the compiler from other sources 
for his own use. 

The contents, their arrangement and the colophons of the 
first eight chapters are mostly the same as those given in B. 2 

The verses are not numbered. The spelling mistakes 
are few in number. Rules of Sandhi are mostly observed. 
The manuscript is not at all in good condition. It is torn at 
many places. Many words and lines are illegible because of 
repairing paper. 



Manuscript, Dayanand Anglo-Vedic College, 
Lal Chand Library, Lahore 

Number 5070 T> x 

Size: 21-6 cm. by 13 cm. Material: paper. Number of 
folios: 25. Number of lines per page: 12 to 20. Character : 
Devanagari. Date: not given; 1500 Vikrama Samvat 



1. The present edition is based on this manuscript. 

2. B breaks off after that. 
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written on the cover of the manuscript is probably the 
conjecture of a previous owner. Scribe: not given. 

This manuscript is incomplete. It contains a complete 
text of KP but breaks off in the middle of the fifth chapter 
of KU. Like A x it has nine chapters in KP, titles and 
arrangement being the same. The first chapter in D x has a 
very large number of extra verses, which are mostly related 
to Paflcanga. But once this chapter is passed over, there are 
very few dissimilarities between A x and this manuscript, 
both as regards the number of verses and their order. 

KU has four complete chapters and 2£ verses of the fifth. 

The verses are not numbered. At various places 
corrections and additions have been made in a different 
hand. There are many spelling and grammatical errors. 
The manuscript is written clearly, is old and has torn edges. 

Manuscript, Dayanand Anglo- Vbdic College, 
Lal Chand Library, Lahore 

Number 2461 D 2 

Size: 25-5 cm. by 13 cm. Material: paper. Number 
of folios : 18. Number of lines per page : 10-12. Character : 
Devanagari. Date: 1607 Vikrama Samvat. Scribe: 
Narayanadasa. Peculiarity of spelling: Tis often written 
for ^ and ?T for T. 

It is a complete manuscript containing both the texts of 
KP and KU, but they do not form two distinct parts of the 
manuscript. The Uttara verses are incorporated into the 
corresponding chapters of the Piirva; for example, the stanzas 
of Tithyuttaradhikara are inserted in Tithyadhikara, and 
so on. The manuscript has nine chapters, the titles and 
order of which are the same as those of KP in Aj. 

Omissions, corrections and explanations of some verses 
are written in the margin in the same hand. There are 
many spelling and grammatical mistakes. The manuscript is 
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not in good condition and cannot always be deciphered with 
certainty. 



Manuscript, Mandldx Section of Fergusson 
College Library, Poona 
Number 35/BL F 
Size: 27-5 cm. by 12-5 cm. Material: paper. Number 
of folios : 94. Number of lines per page : 12-1 6. Character : 
Devanagari. Date: Vikrama Samvat 1783. Scribe: not 
given ; at the end is written 

*V9<^ % Wftfao ^P<$<H Rf^lH II 

The manuscript is complete. It contains the text of K 
as followed by Amasarma and his commentary. 

In contents the manuscript is identical with the printed 
edition of K, as edited by Babua Misra. The variants are 
very few and unimportant. This manuscript is, however, 
complete, whereas the manuscript used by Babua Misra is in- 
complete. There lies the importance of this manuscript. It 
is the only complete manuscript so far available containing 
the commentary by Amasarma. The portion not given in 
the printed edition is inserted in App. IV. 

The verses are generally numbered and sometimes 
wrongly. Writing is legible, but the manuscript is in a very 
poor condition. Rules of Sandhi are not always obeyed. 



Manuscript, India Office Library, London 
Number 421 under 2966, Eggeling's Catalogue I a 
Size: 30-5 cm. by 20-3 cm. Material: paper. Number 
of folios : 73. Number of lines per page : 12-14. Character : 
Devanagari. Date: 1861 Vikrama Samvat. Scribe: not 
given. Pecuharity of spelling: Carardh^, is almost every- 
where written as Rardha. 
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It is a complete manuscript but does not deal with all the 
topics either of KP or of KU. It has a few verses from 
both parts and many more related to Paficanga, such as 
Sankranti, Visti, Muhurta, Gandanta and the like. The 
manuscript gives a commentary by an anonymous writer, 
who sometimes explains but mostly illustrates the rules. The 
text is not divided into chapters. All the items are jumbled 
together. An outline of the contents is given in App. II. 3. 

The verses are not numbered. The manuscript is 
neatly written. It has a few grammatical mistakes. It is 
torn in many places. 



Manuscript, India Office Library, London 
Number 3341 b under 6289, Keith's Catalogue l 2 

Size: 21-6 cm. by 15*3 cm. Material: birch-bark. 
Number of folios: 19. Number of lines per page: 15. 
Character: Sarada. Date: not given; the catalogue suggests 
eighteenth century. Scribe : not given. 

This manuscript has neither beginning nor end. The 
text is not divided into chapters. It has verses from both 
KP and KU and, in addition, many others related to 
Paficanga. A summary of the contents is given in App. II. 4. 
It is certainly not a commentary on K, as is suggested in the 
catalogue. 

The verses are not numbered. The manuscript is 
illegible in several places. 



Manuscript, Raghunath Temple Library, Jammu 
Number 2754 J 

Size: 35-5 cm. by 20-3 cm. Material: white Kashmir 
paper. NumbeYof folios: 196. Number of lines per page : 
24. Character : DevanagarL Date: not given. Scribe: not 
given. Peculiarity of spelling: tT is often written as ^f. 
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In contents, giving K with Varuna's commentary, thia 
manuscript agrees verbatim with A v It has, however, fewer 
mistakes. Its readings are more correct. 

The verses are not numbered. A few corrections are 
made in the same hand. It is neatly written and is in good 
condition. 



Manuscript, Government Sanskrit College 
Library, Benares 
Number 377 K 

Size: 27 cm. by 14 cm. Material: yellow paper. Num- 
ber of folios: 9. Number of lines per page: 15 to 18. 
Character: Devanagari. Date: 1890 Vikrama Samvat. 
Scribe: not given. Peculiarity of spelling: joint letters are 
sometimes written in the reverse order; for example, as T, 
etc. 

This is a complete manuscript containing the texts of 
KP and KU but not in two distinct parts. The Uttara verses 
occur in the corresponding chapters of the Purva, but in each 
chapter they are inserted after the Purva verses and are 
always introduced by 'Athottaram'. 

It has ten chapters. The first nine have the same titles 
and arrangement as those in A x . The tenth is called Vyati- 
patavaidhrtyanayanadhikara, the contents of which are 
given in App. III. 3. As regards the contents of both KP 
and KU, it has a close affinity with A x . 



Manuscript, National Museum, New Delhi 
Number 57.106/595 N 

Size: 25 cm. by 16-5 cm. Material: Kashmir paper. 
Number of folios: 63. Number of lines per page: 32-34. 
Character: &arada. Date: not given. Scribe: not given. 
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It is a complete manuscript and is identical with A ± . It 
is, however, the most correct manuscript containing Varuna's 
commentary. 

The verses are not numbered. Rules of Sandhi are 
mostly observed. 

There are very few mistakes. It is in a fairly good 
condition. The edges of a few pages, however, are torn. 

Manuscript, Durbar Library, Nepal 
Number 933 (*f) N^ 

Size: 23 cm. by 4-5 cm. Material: palm leaf. 
Number o# folios: 66. Number of lines per page: 6. 
Character: Nevari. Date: not given, but the script shows 
that the manuscript could not be later than the thirteenth 
century. Scribe: not given. 

It is an incomplete manuscript. It gives only the 
incipits of the verses. Its contents can be divided into 
three parts. The first part contains the explanation of 
nearly all the verses in the first six chapters of B and a few of 
the TJttara verses of the second, third and fourth chapters 
of KJ3M, which are incorporated here in the third and 
fourth chapters. The second part illustrates a few of the 
rules given before. The third part has nothing to do with 
the text of K. It illustrates rules from various authorities 
and breaks off in the middle of the explanation of a rule. 
The titles and arrangement of the six chapters are identical 
with those in B. The number of verses and their order in 
these chapters are roughly the same as those in K.BM. 



1. I studied rotographs of N 1 and N 2 at Bodleian Library, Oxford. 
3 
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Manuscript, Durbar Library, Nepal 
Number 3 N 2 

Size: 30-5 cm. by 5 cm. Material: palm leaf. 
Number of folios: 15. Number of lines per page: 6. 
Character: Nevari. Date: 470 Nepal era. Scribe: 
Mahapatra Srljayasahamallavarman. 

This is a complete manuscript containing KP in ten 
chapters and KU in three. There are, however, lacunas 
after the first and second folios. The first nine chapters 
have the same titles and arrangement as those in A x . The 
number and sequence of the verses are almost identical with 
those in P. The tenth chapter, Vyatipatavaidhrtanayana- 
dhikara, has 10 verses, which are given in the first chapter 
of A 2 and P. The contents of this chapter are given in 
App. III. 4. 

The three chapters of KU are respectively Tithyuttara, 
Grahottara and Parilekhadhikara. The verses in these 
three chapters also occur in A x . 

The verses are numbered. A few omissions are noted 
in the margin in the same hand. 



Manuscript, Panjab University Library, Lahore 
Number 144 P 

Size: 29-2 cm. by 14 cm. Material: paper. Number 
of folios: 17. Number of lines per page: 20. Character: 
Devanagari. Date: 1897 Vikrama Sam vat. Scribe: not 
given. Peculiarity of spelling: ^ is always written as g. 

It is a complete manuscript containing KP in nine and 
KU in six chapters. All the chapters have the same titles 
and arrangement as those in A v There is also a very close 
agreement between A 2 and P as far as the verses are 
concerned. 

The verses are numbered. Omissions, corrections and 
explanations of certain words are noted in the margin in 
3» 
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the same hand. The manuscript is legible and has very few 
spelling mistakes. It is in good condition. 



Grouping of the Manuscripts 

These twenty-three manuscripts can be divided into 
three groups— X, Y and Z — in view of their contents, division 
and arrangement, as given above. 

The manuscripts B, Be, Bh l5 Bh 5 , Bh 8 , F and N x form 
the X group; A x , A 2 , Bh 2 , Bh 3 , Bh 7 , Dj, D 2 ,.J, K, N, N 2 and 
P the Y group ; and Bh 4 , Bh^, I x and I 2 the Z group. 

B, Be and Bh 1; giving the text as followed by Prthu- 
daka together with his commentary, are identical, the 
variants being grammatical or orthographical. The manu- 
scripts ha\£ either been copied from one another or from 
the same origin. Bh 8 , which is Bhattotpala's text together 
with his commentary, is more or less identical with B as far as 
the first eight chapters are concerned. B breaks off after 
that. F gives Amasarma's text. In respect of the contents 
of KP it bears a close affinity to B and as regards KU it has 
many of the verses given in Bh a , the difference being that 
instead of having a separate Uttara portion, it has Purva 
and Uttara verses mixed up. Bh 5 is identical with F in 
contents, but it has a separate Uttara portion. N x gives 
nearly all the verses of the first six chapters of B and a few 
of the Uttara verses of F. This is sufficient to show that 
though not identical in every respect, the above manuscripts 
belong to the same group. 

As regards the manuscripts in Y group, A 1} Bh 2 , Bh 3 , J 
and N give the text followed by Varuna together with his 
commentary and are identical, excepting a few grammatical 
and orthographical differences. A 2 , as has been noted 
above, is a copy of Bh 2 and Bh 3 . The contents and their 
arrangement in Bh 7 have an affinity to those in A x . As has 
already been mentioned the remaining manuscripts in this 
group are also similar in contents to A x . If they differ at all, 
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they differ in respect of the arrangement of the Uttara 
verses — some have a separate Uttara portion, while others 
incorporate these verses in the Piirva portion. 

The four manuscripts, Bh 4 , Bh 8 , I x and I 2 , have been 
grouped together not because their contents or their division 
and arrangement are identical, but because all these manu- 
scripts were written for a particular purpose — for the use of 
Paficanga. The authors of these manuscripts have selected 
only those verses from K, which served their purpose. Then 
they incorporated into these some other materials, which 
again were for their own use. Thus though these manu- 
scripts are called Khandakhadyaka, in reality they are not 
so. There has been no effort whatsoever, to preserve the 
original text of Khandakhadyaka. 



Relation between the Groups and Recensions 
of the Text 

After having divided the manuscripts into three groups, 
the next point is to observe their mutual relation. Before 
doing so, it must be noted that K is a Karana, that is, a 
handbook of astronomical rules expressed briefly in 1 mne- 
monic verses without explanation or proof, and that thereby 
it differs from a full treatise on astronomy such as BSS. A 
primer of this class was intended for the use of those, who 
had to make practical application of astronomical rules, and 
its text was in no way sacrosanct, and everyone who used 
it was likely to add to it such extra rules or explanatory 
verses as he found necessary for his work. It is not sur- 
prising, therefore, that the textual tradition should show 
the difference, which is revealed by the foregoing account of 
the manuscript material. 

As regards the manuscripts in X group, this tradition 
goes back to Prthudaka, the oldest commentator, whose work 
has come down to us, and prima facie these manuscripts 
should be the most authoritative. For the Piirva section it 
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is observed that their text complies in every respect with the 
requirements of a Karana and shows no signs of inter- 
polation or addition. There need be no hesitation in 
accepting it as reproducing faithfully this part of Brahma- 
gupta's work as far as the end of the eighth chapter. Except 
for 3| verses in the first chapter of KU preserved by the 
manuscripts of Prthudaka's commentary, the authority for 
the Uttara in this group rests on Bh 8 , which gives the text 
followed by Bhattotpala together with his commentary. 
There is no reason to doubt that the verses given here are 
Brahmagupta's work, some being corrections to the rules in 
the first part and others taken from BSS. Even in the 
Pflrva portion, Bhattotpala's text closely follows that of 
Prthudaka, an occasional difference being that while borrow- 
ing an Arya from BSS in the commentary, Prthudaka in- 
variably mentions it as such, but Bhattotpala does not. 

An examination of the manuscripts in Y group shows 
that there are many verses not necessary for a Karana, being 
either explanatory Aryas, some composed by Bhattotpala, 
some taken from BSS and others from unknown authorities, 
or Slokas containing rules on topics, which need not form 
an essential part of a Karana; for example, rules on San- 
kranti, Hora, Varsadhipa, and the like. Some of these 
manuscripts contain verses in &loka metre dealing with the 
topics of Pancanga and certainly not composed by Brahma- 
gupta. Judging from the contents it may be concluded that 
the manuscripts of Y group are not faithful to the original 
work and, while giving the complete text of both parts, do so 
in a form that is not original, but has been expanded in course 
of time. This work of expansion appears to have been 
begun soon after Bhattotpala, who in his commentary com- 
posed several explanatory verses. 

The manuscripts of Z group are peculiar. They call 
themselves Khandakhadyakarana, but contain very few 
Aryas of the text and have more verses on the topics of 
Paficahga. The Aryas of K occurring here give rules for 
finding the positions of the sun, moon and planets, these 
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being necessary for Pancanga. There is no attempt, what- 
soever, to reproduce the text of K. 

The three groups of manuscripts represent three stages 
in the textual tradition of K. Firstly, the text, probably 
original, known to Prthudaka, and followed by Bhattotpala 
and to a certain extent by Amasarma ; secondly, an expanded 
version, mainly represented by Varuna's commentary; and 
thirdly, an abridged text for the use of Pancanga. 

It is not difficult to see how the long recension deve- 
loped from the short one. In his commentary Prthudaka 
has often quoted from BSS. He has sometimes introduced 
certain topics omitted by Brahmagupta in K; for example, 
at the end of the first chapter he has quoted rules from 
BSS to find Varsadhipa, Masadhipa, Sankranti and Hora. 
All these quotations invariably occur in the manuscripts of 
Y group as part of the text. Bhattotpala in his commentary 
on K often composed Aryas giving his own rules. He was 
also author of various astronomical and astrological 
treatises. Quotations from his commentary and probably 
other books occur in the manuscripts of Y group. More- 
over, K, being a Karana, states the rules in a very concise 
form, difficult to understand. Some of the Aryas from 
BSS clarify these rules. These explanatory Aryas, as 
they may be called, are also found in the manuscripts 
of Y group. Thus so many of the additional Aryas in 
these manuscripts are as quoted by Prthudaka, or from 
Bhattotpala's commentary on K or perhaps from his 
other works. 1 It is not unnatural that in a work intended for 
practical use, these additional verses should in course of time 
be accepted as part of the original text, and this process was 
completed by the time of Varuna, because his commentary 
follows the interpolated text and does not even distinguish 
the Aryas of Brahmagupta from those of Bhattotpala. 

Finally, the origin of the Pancanga recension can easily 
be traced. Owing to its simple and correct formulas, K 



1. KSG and the present edition illustrate these points. 
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goon became very popular among the astronomers. As a 
Karanagrantha it could be used for making Pancanga. So 
probably the astronomers began to borrow from K only the 
rules essential for Pancanga and incorporated into these 
other similar topics and thus made a handy and useful text 
for the Paficanga-makers. 

This is how the three recensions of the text of K pro- 
bably came into existence. 



Principles for constituting the Text and 
Commentary 

It has already been observed that there are two editions 
of K — one edited by Babua Misra with Amasarma's com- 
mentary published in 1925 and the other by Sen Gupta with 
Prthiidaka's commentary published in 1941. The obvious 
question then arises as to the necessity for another edition. 
None of the above editions is critical. None of the editors 
collected the manuscripts of K available and then prepared 
the text. None has tried to trace the original form of K. 
Moreover, the question relating to KU has been left un- 
touched. 1 It was, therefore, necessary to prepare a critical 
edition of K after scrutinizing the manuscripts available. 

Twenty-three manuscripts of the Karana have been 
studied. Among these manuscripts are available the texts 
followed by Prthiidaka, Bhattotpala, Varuna and Amasarma, 
all of whom are notable students of astronomy. Prthiidaka 
is the earliest commentator separated from Brahmagupta by 
about two hundred years. He is extremely careful in giving 
the exact sources of his quotations and rules. Whenever he 
borrows a rule from a chapter in K and inserts it in another 
chapter, he invariably says so. Whenever he deals with a 
topic not in K, he specifically mentions it; for example, while 

1. Sen Gupta has collected all the extra verses in the text supposed 
to be used by Bhattotpala, not obtaining in Prthiidaka's text (KSG» 
pp. 154-167). 
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giving rules relating to Varsadhipa, Masadhipa, etc., in his 
commentary at the end of the first chapter, he says that these 
were not dealt with in K, but are being introduced as they 
are necessary for everyday life. When he gives rules com- 
posed by him, he acknowledges them as such. When he 
quotes from BSS or Varahamihira's works he introduces the 
quotations as such. These facts would show that Prthudaka 
could be trusted for preserving the original text of K. It 
is most unfortunate that the manuscripts giving Prthudaka's 
commentary are incomplete and contain only the first eight 
chapters of K. 

Bhattotpala's text is identical with that of Prthudaka. 
As will be seen from his commentary, if he borrows a rule 
from another chapter of K, he mentions the fact. When 
he quotes from other authorities, he either gives the name 
or says 3«kTH. He always introduces his own rules in 
verses as ?1FT^tM. On several occasions, however, while 
quoting from BSS to explain some rules of K, he just says 
?TTf , the same as introducing the text of K. This is the only 
difference between him and Prthudaka. 

It has already been pointed out that Varuna was well 
acquainted with Prthudaka's and Bhattotpala's commen- 
taries. He has not, however, cared to preserve the original 
text of K, but has explained and illustrated all the rules in 
Bhattotpala's text and commentary and some from other 
authorities without making any distinction. Thus Varuna's 
text is the interpolated text. 

The text given by Amasarma belongs to the shorter 
recension, but the arrangement, that is, the mixing up of the 
Purva and Uttara verses, appears to be arbitrary. This 
will be discussed later in this section. 

Prthudaka's text, therefore, preserves the original form of 
K, according to the evidence of the manuscript material avail- 
able. His text and commentary have already been edited 
by Sen Gupta. The present edition gives Bhattotpala's text 
and commentary, based on MS. Bh 8 , which has not yet been 
edited. Following Prthudaka, the text of the first eight 
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chapters has heen slightly modified in respect of those 
Aryas which have been borrowed by Bhattotpala from BSS 
for explaining some of the rules of K but without any speci- 
fic reference. As according to Prthudaka, these did not 
form an integral part of K, they have been shown in the 
commentary and not in the text proper. This has been 
pointed out in the respective footnotes. 

After constituting the text of the first eight chapters, 
the point for discussion is whether the original KP consisted 
of eight chapters or had another chapter on Naksatras. 
The manuscripts giving Prthiidaka's commentary throw no 
light on this point as they are incomplete. The MS. Bh 8 con- 
taining Bhattotpala's commentary has a chapter on Naksa- 
tras. All the complete manuscripts of Y group, including 
those giving Varuna's commentary, have this chapter. The 
MS. F and KBM do not give a chapter on Naksatras, but F 
gives the Bhruvakas and Viksepas of the Naksatras intro- 
duced with 

m ^ft^T: (App. IV). 

The Khandakhadyakottara, based on K, was, according 
to Amasarma, composed by Trivikrama. Accordingly, K 
proper might also have contained a chapter on Naksatras. 
Moreover, in a Karanagrantha, there should be a chapter on 
Naksatras. Alberuni's reference also supports this view. 
He refers to KP as ' canon K ' and KU as ' emendation of K '. 
The Dhruvakas and Viksepas given by him according to 
'canon K' are the same as those given in the ninth chapter 
in Bh 8 and in the other manuscripts in Y group. 

In view of these facts there should be a ninth chapter 
in KP— Taraviksepadhyaya. The text of this chapter is 
based on Bh 8 . All the manuscripts, however, give 16 Aryas, 
12 of which are given in Bhagrahayutyadhikara of BSS. 

Another small point has to be settled in regard to the 
constitution of KP. The MSS. K and N 2 give a tenth 
chapter on Pata hi their Piirva portion. These are given in 
App. III. 3 and App. III. 4 respectively. It will be noted 
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that excepting two verses in MS. K, which are found in no 
other manuscript, all the other verses are either in KP and 
KU as edited or in the manuscripts of Y group. It, there- 
fore, does not appear that there was a separate chapter on 
Pata in the original K. It is probable that the verses on Pata 
were collected by the compilers of the versions contained in 
the two MSS. K and N 2 and were grouped in one separate 
chapter, as the subject is difficult and important for astrology. 

The constitution of KU is the next problem. Accord- 
ing to Prthudaka, the oldest evidence available, and 
Bhattotpala and Varuna, Brahmagupta wrote KU and 
wrote it separately. Prthudaka refers to the Uttara portion 
at several places in his commentary; nowhere in the Purva 
portion he mentions that he has borrowed an Arya from the 
Uttara portion, indicating that KU follows KP. 

Alberuni writes in India, 'The contents of the book, 
Karana Khandakhadyaka, represent the doctrine of Arya- 
bhata. Therefore, Brahmagupta afterwards composed a 
second book, which he called Uttarakhandakhadyaka, that 
is, the explanation of the Khandakhadyaka.' 1 

In the beginning of K, Brahmagupta himself says that 
he writes this treatise which will give the same astronomical 
results as those arrived at by Aryabhata, but the calcula- 
tions are much more brief. It is only natural that he would 
not in the same part introduce his own corrections, which 
he rightly does in a second part. Moreover, these correc- 
tions are called Uttara, which means a later composition. 

It is true that MSS. F, D 2) K and Nj and KBM mix up 
the two parts. The only reason could be that the students 
of astronomy, who are responsible for these texts, must 
have arranged the Purva and the Uttara Aryas on the 
same topic consecutively, for their own convenience to study 
the subject. 

As regards the number of chapters in KU, according 
to Prthudaka, the topics on Pata and Parilekha and 



1. AI, I, p. 156. 
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Kalamsas of Mercury and Venus are inter alia dealt with 
in KU. 1 Amasarma while explaining KU, iv. 19-23, quotes 
Prthudaka. 2 

The MS. Bh 8 giving Bhattotpala's commentary, the 
manuscripts giving Varuna's commentary and also some 
manuscripts of Y group have six chapters in KU. KBM also 
gives Uttara verses in six out of the eight chapters of KP, 
the fifth and seventh chapters having no Uttara verses. 

According to Alberuni, the extension and KalaihSa of 
each Naksatra, the positions and Kalamsas of Agastya and 
Mrgavyadha, the rules to find their heliacal rising and setting 
and the rule for the correct circumference of the earth at 
any place are topics dealt with in KU. 3 

Thus in view of the present evidence and Bhattotpala's 
text being the oldest among the complete available manu- 
scripts, ±he constitution of KU is based on MS. Bh 8 . 
Bhattotpala's commentary as given in this manuscript has 
also been edited. 



Alberttni and Khandakhadyaka 

Alberuni in his India, as translated by Sachau, fre- 
quently mentions Brahmagupta and his two works. The 
following list gives his' references and the corresponding 
verses as given in the present edition of K. 

AI, I, p. 312: Alberuni says that Brahmagupta uses 
4,800 Yojanas as earth's circumference in KP (i. 15) but 
the corrected circumference in KU is given by the formula 
circumference x sine colatitude . 

radius ' 

II, pp. 46-47: He gives the rule for finding Ahargana 
(KP, i. 3-5). 

1. KSG, pp. 40, 101, 119, 127. 

2. KBM, pp. 149-151. 

3. References are given under the next section, 'Alberuni and 
Khandakhadyaka '. 
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II, p. 60: Alberuni gives a general method according to 
K for the computation of the mean places of planets (KP 
ii. 1-5). 

II, p. 79: He says that the methods of computation of 
the diameters of the sun, moon and the earth's shadow as 
given in K are similar to those given by Alkhwarizmi, an 
Arabian astronomer. The actual methods are not given, 
but this is probably a reference to KP, iv. 2. 

II, pp. 83-85: He tabulates the number of stars, 
Dhruvakas and Viksepas of each Naksatra according to K 
The number of stars is the same as those given in KP, ix. 
1-2. The Dhruvakas are the same as those given in KP, 
ix. 4-6, with the difference that whereas Brahmagupta 
gives 11 signs 7° as the Dhruvaka of Uttara Bhadrapada 
Alberuni gives 11 signs 6°. The Viksepas are equal to those 
given in KP, ix. 8-10, excepting that Alberuni gives 5° S, 
6° S and 9° 30' S as the Viksepas of Mrgasiras, Aslesa and 
Mula respectively and not 10° S, 7° S and 8° 30' S. The 
corrections (ix. 11-12) have not been mentioned. 

II, p. 87 : The extension of each Naksatra is given as in 
KU, i. 7-11. 

II, p. 90: He gives the Kalamsa of a Naksatra as in 
KU, v. 7. 

II, p. 91 : He gives the Dhruvaka, Viksepa and Kalamsa 
of Agastya according to KU, v. 5, but the Viksepa given by 
him is 71° and not 77°. 

II, p. 91 : He gives the Dhruvaka, Viksepa and Kalamsa 
of Mrgavyadha according to KU, v. 6. 

II, pp. 91-92: He gives the method for calculating the 
times of heliacal rising and setting of the Naksatras. This 
is a reference to KU, v. 8-12. 

II, p. 116: Alberuni gives two rules according to KP 
to find the possibility of an eclipse. One is given in Bhattot- 
pala's commentary (text, p. 104) and is claimed to be his own. 

The other rule cannot be traced. 

II, pp. 119-120: Alberuni gives rules to find lords of a 
year and month supposed to be as given in K. These rules, 
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however, are not found in K. But the rule pertaining to 
lord of a year occurs in the commentary by Bhattotpala in a 
slightly altered form, and is claimed to be his own. The 
rule pertaining to lord of a month also occurs in the com- 
mentary (text, p. 39). According to Amasarma, the author 
of the verse is Bhattotpala, 1 but Bhattotpala does not claim 
it to be his own. 

These quotations show that Alberuni was well acquainted 
with both KP and KU. 



Note on the Present Edition 

It has already been stated that the present edition of 
Khandakhadyaka consists of two parts, Purva and Uttara, 
together -with Bhattotpala's commentary on both. The 
edition is based on MS. Bh 8 . The first seven folios are 
missing in this manuscript and hence the first 14 Aryas of the 
first chapter of KP have been borrowed from MS. B giving 
Prthudaka's text. His commentary on these has not, 
however, been edited. This is already given in Sen Gupta's 
edition. 

The MS. Bh 8 is written in 6arada script. As I was not 
sufficiently familiar with this script to edit the manuscript, 
I had to get the manuscript copied in Devanagarl script. 
This work was not easy, as the manuscript is very old and 
torn in many places. The technical nature of the subject 
also added to the difficulty. I read the original manuscript 
with the help of the copy in Devanagarl. 

It will be observed from the colophons that while the 
nine chapters of KP are numbered, the six chapters of KU 
are not. The colophons are reproduced as given in the 
manuscript. In the Translation and Mathematical Notes, 
the chapters in KP have been consecutively numbered as 
1-9 and those in KU as 1-6. KP, i. 4, K, i. 4, or only i. 4, 



l. KBM, p. 49. 
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invariably means the fourth verse in the first chapter of KP 
and KU, i. 4, the fourth verse in the first chapter of KU. 

Excepting a few obvious spelling and grammatical mis- 
takes, correction or restoration in the text and commentary 
has been noted in the apparatus criticus. The construction 
of the sentences and the grammatical forms in the 
manuscript, even if not always conforming with the standard 
practice, are strictly preserved. 

Important variants in the other manuscripts are given 
in the apparatus criticus. As the MSS. B, Be and Bl^ 
.are in verbatim agreement, for the sake of brevity, only 
B is mentioned in the notes, unless Be and Bh x have 
different important readings. Similarly, N includes the 
readings in A lt Bh 2> Bh 3 and J also. The readings in 
MS. F being identical with those in KBM and the variants 
being few and unimportant, no mention of this manuscript 
has been made in the apparatus criticus. 

As far as possible an account of the contents and their 
arrangement in the different manuscripts is given in the 
apparatus criticus. No such attempt has, however, been 
made in respect of the MSS. Bh 4 , Bh e , I x and I z , as they 
do not reproduce the text. An outline of their contents is 
given in App. II. 

All the verses of the text have been translated into 
English with greater emphasis on the clarification 
of the formulas than on their literal rendering. Many of 
the technical terms in ancient Indian mathematics and 
astronomy have no exact equivalents in modern science. 
The Sanskrit words have, therefore, been retained in the 
Introduction, Translation and Mathematical Notes. These 
terms have been explained in the Mathematical Notes and 
a list of such terms with their approximate equivalents in 
English, wherever possible, has been given in Appendix VIII. 
The number of the pages where these terms are explained 
has also been noted. 

In the Mathematical Notes attempt has been made to 
indicate the traditional Indian proofs of the more important 
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formulas and with the help of rough diagrams, wherever 
necessary. A few examples from Varuna's commentary 
have been reproduced to illustrate some difficult rules in K.U. 
This commentary has not yet been published. 

Eight Appendices have been added to the edition. The 
first four give the additional contents of the important 
manuscripts. The verses have been reproduced as given 
in the manuscripts, excepting that wherever Anusvara is 
used instead of ^, 3T %) w, *T and tt, the standard practice is 
followed. The same procedure is adopted in the apparatus 
criticus. Appendix V gives the verses common to K and 
Dhyanagrahopadesadhyaya, the twenty-fifth chapter in BSS. 
Appendix VI is on trigonometry and Appendix VII on the 
motion of planets, as conceived by the Greeks and the 
ancient Indians. Appendix VIII, as has already been noted 
above, gives a list of technical terms in Sanskrit. 
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Chapter I 

Tithis and Naksatras 

1. I make obeisance to Mahadeva, the cause of the 
creation, existence and destruction of the world, before 
I write the astronomical treatise, Khandakhadyaka, which 
(in the first part) gives the same results as those arrived 
at by Acarya Aryabhata. 

2. The methods given by Aryabhata are in most 
cases rather lengthy and hence impracticable for everyday 
calculation (of the longitudes of the planets, etc.), in 
connection with marriage, nativity and the like. So I 
write this book, which is more concise, yet gives the same 
results. 

3-5. Deduct 587 from the Saka year. Multiply the 
remainder by 12. Add to the product the number of 
months elapsed since the light half of Caitra. Multiply 
the sum by 30. Add to the product the number of Tithis 
elapsed since the last Amavasya. (The result is taken as 
the total number of Sauradinas elapsed.) Add 5 to this 
result. Put down the sum in two places. At one place 
divide it by^ 14945. Subtract the result thus obtained 
from the sum in the other place. Divide the remainder 
by 976. The quotient gives the number of Adhimasas. 1 
Convert it into days. Add the result to the number of 
Sauradinas obtained above. (The sum is the total number 
of Candradinas elapsed.) Multiply this number by 11. 
Add 497 to the product. Put down the sum in two places. 
At one place divide it by 111573. Subtract the result thus 
obtained from the sum in the other place. Divide the 
remainder by. 703. The quotient gives the number of 

1. The remainder is called Adhimasaseija. 
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Avamaratras. 1 Subtract the quotient from the number 
of Candradinas obtained above. The result is the Ahargana 
in Savana units beginning from Sunday. 

6. Adhimasasesa and Avamasesa, calculated in the 
above manner, should be increased by 17 and 14 Ghatikas 
respectively. 

The moon's Ucca and Pata (calculated according to 
i. 13, 14) when decreased by 5" and 10" respectively (become 
equal to those given by Aryabhata in his Ardharatrika 
or midnight system). 

7. The mean longitude of Saturn (ii. 5) decreased 
by 3", the &ghrocca of Mercury (ii. 2) decreased by 22", 
the mean longitude of Mars (ii. 1 ) increased by 2", and the 
mean longitude of Jupiter (ii. 3) increased by 4" are equal 
to the respective mean longitudes of the planets at midnight, 
as calculated by Aryabhata (in his Ardharatrika system). 

8. Multiply the Ahargana (as calculated above) by 
800. Add 438 to the product. Divide the sum by 292207. 
The result in revolutions, etc., is the mean longitude of the 
sun, Mercury or Venus and of the Sighrocca of Mars, Jupiter 
or Saturn. 

9. Add to the mean longitude ( of the sun a number of 
degrees equal to 12 times the number of Tithis elapsed 
since the last Amavasya. Add to the sum the number of 
degrees, etc., obtained from dividing 3 times the Avamasesa 
by 173. The result is the mean longitude of the moon at 
midnight. 

10. Multiply the Ahargana by 600. Add 417i to 
the product. Divide the sum by 16393. Subtract from 
the result the number of minutes obtained from dividing 
the Ahargana by 4929. The result is also the mean longi- 
tude of the moon in terms of revolutions, etc. 

11-12. Divide the Avamasesa by 692. The result 
is in terms of Dinas, Ghatikas, etc. (When degrees, 
minutes, etc., are respectively substituted for Dinas, 



1. The remainder ia called Avamasesa. 
4 
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Ghatikas, etc., in the result, it is called Prathama.) Add 
the result to the Adhimasasesa. Multiply the sum by 30 
and divide the product by 1006. (When degrees, minutes, 
etc., are respectively substituted for Dinas, Ghatikas, etc., 
it is called Dvitlya.) Then add the months (Candramasas 
elapsed since the light half of Caitra considered as Saura- 
masas), days (Tithis elapsed since the last Amavasya, 
considered as Sauradinas) and the Prathama, (The sum 
is in terms of signs, etc.) Subtract the Dvitlya from this 
sum. The result is the mean longitude of the sun in signs, 
etc. Subtract the Dvitlya again from 13 times the above 
sum and the result is the mean longitude of the moon in 
signs, etc. 

13. The Mandocca of the sun is 80°, and that of the 
moon is calculated as follows. Subtract 453f from the 
Ahargana. Divide the remainder by 3232. Add to the result 
the minutes obtained by dividing the Ahargana by 39298. 
The result is the moon's Mandocca in revolutions, etc. 

14. Deduct 372 from the Ahargana. Divide the 
remainder by 6795. The result is in revolutions, etc. 
Divide again the Ahargana by 514656. The result is in 
degrees. Add both the results and subtract the sum from 
360°. The remainder is the longitude of the Pata (node) of 
the moon. 

15. Multiply the mean daily motion of a planet 
(in minutes) by the difference in longitudes between the 
observer's station and Ujjayini, expressed in Yojanas. 
Divide the product by 4800. The result in minutes, etc., 
should be subtracted from the calculated longitude of the 
planet, if the station is to the east of the meridian of 
Ujjayini and added if it is to the west. 

16. 35', 67', 95', 116', 129' and 134' are the Manda- 
phalas of the sun for every half sign of the Mandakendra ; 
that is, when the Mandakendras are respectively 15°, 30°, 
45°, 60°, 75° and 90°. 

17. 77', 148', 209', 256', 286' and 296' are the 
Mandaphalas of the moon. 
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When the longitude of a planet's Mandocca is deducted 
from its mean longitude, the remainder is its Mandakendra. 

18. When the Mandakendra is in an odd quadrant, 
the Mandaphala should be calculated from the arc of the 
quadrant passed over, and when it is in an even quadrant, 
from the arc to be passed over. This Mandaphala should 
be added to or subtracted from the mean longitude of the 
planet, according as the Mandakendra is greater or less 
than 6 signs. 

A further correction for the moon is gV of the Manda- 
phala of the sun applied positively or negatively as in the 
case of the sun. 

19. One should divide the sun's Bhogyamanapindaka 
(the difference between the Bhuktamandaphala and the 
Bhogyamandaphala) by 15 and 7 times that of the moon 
by 8. The results are their Mandagatiphalas respectively. 
These should be applied to their respective mean motions 
negatively, positively, positively or negatively, according 
as the Mandakendra is in the first, second, third or fourth 
quadrant. (The results are the corrected motions of the 
sun and the moon respectively.) 

20. When the daily motion 1 of the Mandakendra of 
the sun or moon is multiplied by the Bhogyakhanda (that is, 
Bhogyamanapindaka), and the product divided by 900, 
the result is the Mandagatiphala of the sun or moon accord- 
ingly (and is to be applied as explained in the previous 
verse). 

In the same manner, the Mandagatiphalas of Venus 
and other planets may be calculated and applied to their 
mean motions negatively, positively, positively or negatively 
(according as the Mandakendra is in the first, second, third 
or fourth quadrant). (The results are the corrected motions 
of the sun, moon and the planets.) 

1. The sun's Ucca is supposed to have no motion. So the motion 
of its Mandakendra is the same as its own. The daily motion of the 
Mandakendra of the moon is obtained by subtracting the daily motion 
of the moon's Ucca from its daily motion. 
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21. The longitude of a planet expressed in minutes 
and divided by 800 gives the number of Naksatras beginning 
from Asvini, passed over by the planet. The portions of 
the current Naksatra passed and to be passed over, divided 
by the motion of the planet, give as quotients respectively 
the number of days elapsed since the planet entered the 
Naksatra, and the number "of days the planet will yet 
take to complete it. The remainder in each case multiplied 
by 60, and divided in the same manner, gives the number 
of Ghatikas. 

22. When the longitude of the sun is deducted from 
the longitude of the moon, and the remainder, converted 
into minutes, is divided by 720, the quotient gives the 
number of Tithis elapsed (since the last Amavasya). The 
portions of the current Tithi passed and to be passed, 
multiplied by 60 and divided by the difference of the daily 
motions of the sun and moon, give respectively the number 
of Ghatikas since the current Tithi began, and that up to 
which it will last. 

23. The Karana Sakuni is the second half of the 
fourteenth Tithi in the dark half of the month. The first 
and second half of the fifteenth are respectively called 
Catuspada and Naga; while Kirhstughna is the first half 
of the first Tithi in the light half of the month. 

24. The longitude of the moon less the longitude of 
the sun should be converted into minutes and divided by 
360. The quotient thus obtained should be reduced by 
1 and then divided by 7. The remainder gives the 
Calakaranas beginning with Bava. To find the time 
relating to the portions of the current Karana passed and 
to be passed, the method as indicated in the case of Tithis 
must be followed. 

25. When the sum of the longitudes of the sun and 
moon is equal to 180°, the moment is called Vyatipata; 
when 360°, it is called Vaidhrta. If the sum is greater or 
less, divide the difference by the sum of the motions of 
the sun and moon. The quotient in each case gives 
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respectively the number of days since the Pata 1 began or 
that after which the Pata will take place. The Pata takes 
place in the above circumstances only when the Krantis 
of the sun and moon are equal. 



1. Pata is used either for Vyatipata or Vaidhrta. Moon's node is 
also called Pata. 



Chapter II 



True Places and Motions of Planets 

1. When the Ahargana less 495| is divided by 687, 
the result is in terms of revolutions, etc. This together 
with the minutes obtained from dividing the Ahargana 
again by 174259 gives the mean longitude of Mars. 

2. When the Ahargana multiplied by 100 is reduced 
by 2181 and divided by 8797, the result is in terms of 
revolutions, etc. This together with the minutes obtained 
from dividing the Ahargana again by 71404 gives the 
longitude of the &ighrocca of Mercury. 

3. When the Ahargana less 2112f is divided by 
4332, the result is in terms of revolutions, etc. This 
lessened by the degrees obtained from dividing the Ahargana 
again by 162621 gives the mean longitude of Jupiter. 

4. When the Ahargana less 37£ is multiplied by 
10 and divided by 2247, the result is in terms of revolutions, 
etc. This together with the degrees obtained from dividing 
the Ahargana less 712 again by 77043 gives the longitude 
of the Sighrocea of Venus. 

5. When the Ahargana less 2491 § is divided by 
10766, the result is in terms of revolutions, etc. This 
diminished by the minutes obtained from dividing the 
Ahargana again by 80450 gives the mean longitude of 
Saturn. 

6-7. 11, 22, 16, 8 and 24, each multiplied by 10, 
give respectively in degrees the Mandoccas of the planets 
beginning with Mars. 

The Mandaphala of Venus is the same as that of the 
sun. The Mandaphala of the son of the moon, that is 
of Mercury, is twice that of the sun. The Mandaphala 
of Mars is 5 times that of the sun. The Mandaphala of 
Jupiter is 1| times that of the sun and doubled. The 
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Mandaphala of Saturn is 1 T V times that of the sun and 
quadrupled. 

8-9. Mars has a Sighraphala 1 of 11° corresponding 
to a &ghrakendra 2 of 28° , when it rises in the east. For 
the next &K of 32°, it has a &P of 12°; for the next 30°, 
it is 10°; for the next 31°, one of 7° more; and for the next 
14°, one of £° more. All these &P are positive. Then 
the SP are negative. For the next of 13°, the SP 
decreases by 3 , 3 and for the next 16° by 12°. Then the 
motion is retrograde. For the next &K of 9°, the &P 
decreases by 13°, and for the next 7° by 12|°. Then Mars 
has the same SP in the reverse order. 

10-11. Mercury has a SP of 13° corresponding to a 
SK of 51° and rises in the west. Then for the next 
of 38°, it has a &P of 7° more, and for the next 31°, one 
of 1^° more. All these &P are positive. Then they 
become negative. For the next SK of 26°, the SP decreases 
by 5°. Then the motion is retrograde. For the next 
SK of 9°, the SP decreases by 3 J°. Then Mercury sets in the 
west. For the next SK of 25°, the SP decreases by 13°. 
After this Mercury has the same SP in the reverse order. 

12-13. When Jupiter has a SP of 2|° corresponding 
to a &K of 14°, it rises in the east. For the next SK of 
40°, it has a SP of 6° more; for the next 36°, one of 3° more; 
and for the next 18°, one of 10' more. These &P are 
positive. Then they become negative. For the next SK 
of 22°, the &P decreases by 1|°. The motion is then 
retrograde. For the next &K of 14°, the SP is 2° less; 
for the next 20°, 4° less; and for the next 16°, 4° less. The 
&P then repeat in the reverse order. 

14-15. When the son of Bhrgu, that is Venus, has 
a &P of 10° corresponding to a SK of 24°, it rises in the 
west. For the next &K of 39°, it has a &P of 16° more; 



1. SP for Sighraphala. " 

2. SK for Sighrakendra. 

3. For the positive, 'more' is used. For the negative, 'less' 01 
'decrease' is used. 
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for the next 33°, one of 12° more; for the next 27°, one 
of 7° more; and for the next 18°, one of 1J° more. These 
SP are positive. After this they are negative/ For the 
next SK of 13°, the SP decreases by 41°; and for the 
next 11°, by 10°. Then the motion is retrograde. For 
the next SK of 12°, the SP is 24° less. Venus then sets 
in the west. For the next SK of 3°, the SP is 8° less. 
The SP then repeat in the reverse order. 

16-17. When Saturn has a SP of 2° corresponding 
to a SK of 20°, it rises in the east. For the next SK of 
36°, it has a SP of 3° more; for the next 20°, one of 1° 
more, and for the next 20°, one of ±° more. These SP 
are positive. Then they are negative. For the next SK 
of 20°, it has a SP of i° less. Then the motion is retrograde. 
For the next SK of 17°, the SP is 1° less; for the next 
22°, 2° less; and for the next 25°, 3° less. Then the SP 
repeat in the reverse order. 

18. Calculate the SP from the mean longitude of 
a planet. If it is positive, add half of it to the mean 
longitude; if negative, subtract half of it from the mean 
longitude. The result is the longitude of the planet 
corrected once. Use this result to calculate the Manda- 
phala. Add half of the Mandaphala to the result, if the 
Mandakendra is greater than 6 signs; subtract if less than 
6 signs. The result is the longitude of the planet corrected 
twice. Use this result to calculate again the Mandaphala. 
Add it to the given mean longitude of the planet, if the 
Mandakendra is greater than 6 signs; subtract if less. - 
The result is the longitude of the planet corrected thrice 
or Mandasphuta planet. From this calculate the SP. 
Add it to the Mandasphuta planet if the SP is positive; 
subtract if negative. The result is the true longitude of 
the planet. 

When the mean longitude of a planet is ' subtracted 
from its Sighrocca, the remainder is its Sighrakendra. 

19. The motion of a planet at any given time should 
be calculated in the same manner. 
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Subtract the Mandasphuta motion of a planet (that is, 
the mean daily motion thrice corrected) from the motion 
of its 6ighrocca. The number of minutes in the arcs of 
the &ghrakendra passed and to be passed, at the time 
when the planet has direct or retrograde motion or rises 
or sets, should be divided by the above remainder. The 
result will be the number of days passed and to be passed 
as regards any of the above phenomena. 



Chapter III 



Three Problems relating to Diurnal Motion 

1. When 159 is divided by 16, 65 by 8, and 10 by 3, 
and each multiplied by the Palabha at the observer's 
station, the results in Vinadi give respectively the Mesa- 
caradala, the Vrsacaradala and the Mithunacaradala at the 
same place or half the difference between a day and 30 
Ghatikas at the end of the first, second and third signs 
respectively. 

2. Multiply the number of minutes in the daily 
motion of a planet by the Caradala in Vinadi at the 
observer's station, and divide by 3600. The number of 
minutes obtained must be subtracted from the longitude 
of a planet at sunrise and added at sunset, when the sun 
is in the northern hemisphere. (The corrected longitudes 
are for the apparent sunrise and sunset.) The reverse 
process must be followed when the sun is in the southern 
hemisphere. 

3. The number of Ghatikas, etc., in the Caradala 
at the observer's station added to and subtracted from 
15 Ghatikas, and the results doubled, gives respectively 
the lengths of the day and night in Ghatikas at that place. 
This is so, when the sun is in the northern hemisphere. 
When in the southern hemisphere, the Caradala in Ghatikas, 
added to and subtracted from 15 Ghatikas, and the results 
doubled, gives respectively the lengths of the night and 
day in Ghatikas. 

4. 278, 299 and 323 Vinadis are respectively the 
durations of the risings of the first three Rasis, Mesa, Vrsa 
and Mithuna, at Lanka. 

These times, when lessened by the respective Caradalas 
of the three Rasis at any latitude, give the durations of 
their risings at that place. 

53 



TRANSLATION 



59 



Again these times, when arranged in the reverse order 
and added to the Caradalas calculated above also arranged 
in the reverse order, give the durations of the risings of the 
next three Rasis ; that is, of Karka, Siriiha and Kanya. 

5. The longitude of the sun at a given time increased 
proportionately by means of the durations of the risings 
of the Rasis at the observer's place and the given time, 
gives the Lagna at that time. 

Again when the Lagna is given, the time in Ghatikas 
is obtained by increasing proportionately the longitude 
of the sun till it is the same as the Lagna. Here also the 
durations of the risings of the Rasis at the observer's place 
should be used. 

6. 39, 36, 31, 24, 15 and 5 are respectively the 
difference of the Jyas of consecutive arcs of 15° in a 
quadrant; $hat is, 39, 75, 106, 130, 145 and 150 are respect- 
ively Jyas of arcs of 15°, 30°, 45°, 60°, 75° and 90°. 

The Jya of any arc is the sum of the Jyas of the arcs 
of 15° passed over together with the Jya of the remaining 
arc calculated proportionately. 

7. 362', 703', 1002', 1238', 1388' and 1440' are 
respectively the Krantis corresponding to arcs of 15°, 30°, 
45°, 60°, 75° and 90° of the ecliptic, each beginning with 
Mesa. 

The Kranti of a planet, increased or decreased by its 
Viksepa, according as they are in the same or in the opposite 
directions, gives its Sphutakranti. 

8. (When the sun is to the north of the equator), 
subtract the number of degrees in its Kranti at midday, 
from the latitude of the observer's station. (When the 
sun is to the south of the equator), the same must be added. 
The result is called Anasta. Subtract it from 90°, and 
find the Jya of the remaining arc. Divide by the result 12 
times the Jya of the Anasta. The result in Angulas is the 
shadow of the gnomon at midday at the observer's station. 

9. Find the sum or difference of the Kranti of the 
sun at midday and the latitude of the observer's station. 
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Subtract the result from 90° and find the Jya of the remain- 
ing arc. Divide 12 times the Trijya by this Jya. The 
result in Angulas, etc., gives the length of the hypotenuse 
(of the right-angled triangle, whose other two sides are the 
gnomon and its. shadow at midday). 

10. The square root of the difference between the 
square of the hypotenuse and the square of the gnomon 
gives the shadow. 

The square root of the sum of the square of the shadow 
and the square of the gnomon gives the hypotenuse. 

The number of Ghatikas in half the day less the 
Natakala gives the number of Ghatikas of the day passed 
(if the sun is in the easteW half of the sky). (If the sun is 
in the western half), the same gives the remaining part of 
the day. 

11. Multiply the Trijya severally by the Sanku or 
gnomon and the Palabha. Divide each of the two products 
by the hypotenuse (of the right-angled triangle, whose 
one side is the Palabha and the other the Sahku). The 
results are respectively the Jyas of the co-latitude and the 
latitude of the place. 

The arc corresponding to the Jya of the latitude is 
the latitude of the place. 

12. From a given Jya subtract as many 'differences' 
(iii. 6) as possible. Multiply the remainder by 900, and 
divide the product by the next 'difference' following 
those already subtracted. The result, when added to the 
product of the number of 'differences' subtracted and 
900, gives the arc corresponding to the given Jya in minutes. 

13. The Trijya increased or decreased by the Jya 
of the Caradala (at the observer's station)- is called Antya. 
Multiply the Antya by the midday hypotenuse and divide 
the product by the difference between the Antya and the 
Utkramajya of the Natakala (at the given time). The 
result is the hypotenuse (of the right-angled triangle, whose 
other two sides are the gnomon and its shadow at the 
given time). 
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14. The divisor of the Antya in the above verse 
may also be obtained in the following manner. 

If the given time is in the forenoon, add or subtract 
the Caradala to or from the Dinagata or the. hours of the 
day passed since sunrise. If the given time is in the after- 
noon, add or subtract the Caradala to or from the Dinasesa 
or the hours till sunset. The Jya of each of these results 
increased or decreased by the Jya of the Caradala will 
give the divisor. 

15. Multiply the Antya by the hypotenuse at noon 
and divide by the hypotenuse of the given shadow. 
Subtract the result from the Antya. , Consider the remainder 
as the Utkramajya and find the corresponding arc. The 
result is the number of Pranas in the Natakala measured 
from midday. 

16. A(J,d or subtract the Jya of the Caradala to or 
from the result obtained in the previous rule (by multiplying 
the Antya by the hypotenuse at noon and dividing by the 
hypotenuse of the given shadow). Considering the result 
as the' Jya find the corresponding arc. This arc increased 
or decreased by the Caradala gives the Dinagata or the 
Dinasesa, according as the given shadow is in the forenoon 
or in the afternoon. 



Chapter IV 



Ltjnab Eclipse 

1. The degrees, minutes and seconds (omitting the 
signs) in the longitudes of the sun and moon should be 
made equal by adding to or subtracting from them their 
respective motions during the Ghatikas, that are to pass 
till the Purnanta (or time of opposition) or that have 
passed since then respectively. 

Subtract the longitude of the Pata 1 from that, of the 
moon. The Jya of the remainder, multiplied by 9 and 
divided by 5, gives the Viksepa of the moon in minutes. 

2. The true daily motions of the sun and moon multi- 
plied respectively by 11 and 10, and divided by 20 and 247, 
give their angular diameters in minutes. 

The difference between 8 times the true motion of 
the moon and 25 times that of the sun, when divided by 60, 
gives the angular diameter of the earth's shadow in minutes. 

3. When the Viksepa of the moon is subtracted 
from half the sum of the diameters of the obscuring and 
the obscured bodies, the remainder is the portion obscured 
by the shadow. 

If the obscured portion is greater than the obscured 
body, there is total eclipse; if less, there is partial eclipse. 

4. Find the sum and difference of the ,semi-diameters 
of the obscuring and obscured bodies. Subtract the square 
of the Viksepa of the moon from the square of each of the 
results. Find the square roots of the remainders; and 
hence calculate respectively the half durations of the 
eclipse and of the total obscuration in the same way as 
in the case of Tithis. 

5. Multiply the true daily motion of the sun or of the 
moon by the number of Ghatikas, etc., in the half duration of 



1. Pata in thia chapter is moon's node. 

62 



TRANSLATION 



63 



the eclipse or of the total obscuration. Divide each product 
by 60, Add the result to or subtract it from the respective 
longitude of the sun or of the moon. The first gives the longi- 
tude at the end of the eclipse; or the total obscuration, as the 
case may be; and the second gives the longitude at the 
beginning of the eclipse or the total obscuration. In the 
case of the Pata the process must be reversed. The 
corrections should be applied repeatedly. 

6. From the half duration of the eclipse, whether 
of the beginning or of the end, subtract the given time, 
after which or before which respectively the obscured 
portion is wanted. From that time calculate the arc in 
minutes gained by the moon and also its Viksepa. Find 
the square root of the sum of the squares of these two 
quantities. Subtract it from half the sum of the diameters 
of the obscuring and the obscured bodies. The remainder 
is the obscured portion. At the time of the Madhyagrahana, 
the obscured portion is obtained by subtracting the number 
of minutes in the moon's Viksepa from half the sum of the 
diameters of the obscuring and the obscured bodies. 

7. Multiply the Natajya (Samamandaliyanatamsajya) 
of the obscured body by the Aksajya and divide by the 
Trijya. Considering the result as the Jya, find the number 
of degrees in the corresponding arc. This arc is to the 
north or south, according as the obscured body is in the 
eastern or the western half of the celestial sphere. Take 
the sum or difference of the number of degrees in this 
arc and that in the Ayanavalana, that is, the declination 
calculated from the longitude of the obscured body increased 
by 90°, according as they are of the same or of opposite 
denominations. The result is the variation of the eastward 
direction of the ecliptic from the eastward direction of the 
disc of the obscured body. 



Chapter V 

Solar Eclipse 

1-2. Find the sum or difference of the Kranti and 
Viksepa of the Vitribha Lagna and the latitude of the 
place. Subtract the result from 90° and find the Jya 
of the remainder. Divide the square of half the Trijya 
by this Jya. Divide the Jya of the difference of the longi- 
tudes of the sun and Vitribha Lagna by this result. Thus 
is obtained the Lambana in terms of Ghatikas, etc. This 
time should be added to or subtracted from the instant of 
conjunction, according as the sun is less or greater than 
the Vitribha Lagna. This process should be repeated 
(till the time is fixed). 

3-4. The Jya of the degrees, etc., in the sum or 
difference of the Kranti and the Viksepa of the Vitribha 
Lagna and the latitude of the place, multiplied by 13 
and divided by 40, gives the Avanati. 

Find the Viksepa of the moon from its longitude 
at the instant of conjunction. The sum or difference 
of the Avanati and the Viksepa, according as they are in 
the same or different directions, gives the Sphutaviksepa 
of the moon. This should be used to calculate, as in the 
case of the lunar eclipse, the half duration in Ghatikas 
of the solar eclipse or of the total obscuration. 

5-6. As before, the Lambana should be calculated 
by repeated process, from the instant of apparent conjunc- 
tion of the sun and moon, decreased or increased by the 
duration of the first or second half of the eclipse respectively, 
till it is fixed. When the Lambanas for the beginning 
and the middle of the eclipse, that is the Sparsalambana 
and the Madhyalambana, are both subtractive, and the 
former is greater than the latter, and when both are additive, 
and the former is less than the latter, then their difference, 
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when added to the duration of the first half of the eclipse, 
gives its corrected duration. When the Sparsalambana 
and the Madhyalambana are both subtractive, and the 
former is less than the latter, and when both are additive, 
and the former is greater than the latter, then their 
difference, when subtracted from the duration of the first 
half of the eclipse, gives its corrected duration. Again, 
when the Sparsalambana and the Madhyalambana are 
of different denominations, then their sum, when added 
to the duration of the first half of the eclipse, gives its 
corrected duration. In the same manner, the correct 
duration of the first half of the total eclipse is calculated. 
Similarly, one can find the correct duration of the second 
half of the eclipse or of the total obscuration. 



Chapter VI 



Rising and Setting of Planets 

1. Venus, Jupiter, Mercury, Saturn and Mars, 
corrected by the two Drkkarmakalas, become heliacally 
visible, when separated from the sun by Kalamsas of 
9°, 11°, 13°, 15° and 17° respectively. They become 
invisible, when separated by less. The moon becomes 
visible, when separated from the sun by a Kalamsa of 12°. 

2. The product of the Viksepa of a planet and the 
Jya of its longitude, increased by 90°, should be divided 
by 371. The minutes thus obtained are called Ayanadrk- 
karmakala. These minutes should be subtracted from 
the longitude of the planet, if the Viksepa and Ayana 
are of the same denomination (that is, if the Viksepa 
is to the north, and the longitude of the planet increased 
by 90° is between Mesa and Tula; or, if the Viksepa is to 
the south and the planet increased by 90° is between Tula 
and Mesa). These minutes should, however, be added to 
the longitude of the planet, if the Viksepa and the Ayana 
are of different denominations. 

3. Multiply the Viksepa of a planet by the Palabha 
at the observer's station and divide by 12. If the Viksepa 
is to the north, subtract the result from the longitude 
of the planet on the eastern horizon corrected by the 
Ayanadrkkarmakala. Thus is obtained the Udayalagna 
of the planet. The previous result should be added to the 
longitude of the planet on the western horizon corrected 
by the Ayanadrkkarmakala. Thus is obtained the Asta- 
lagna of the planet. If the Viksepa is to the south, the 
previous result should be added to obtain the Udayalagna 
and subtracted for the Astalagna. 

4. If the Udayalagna of a planet is less than the 
Lagna, the planet has already risen; if greater, the planet 
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will rise later. If its Astalagna increased- by 6 signs or 180° 
is less than the Lagna, the planet has already set; if greater, 
the planet will set later. These times in Ghatikas can 
be ascertained by means of the difference between the 
planet's XJdayalagna or Astalagna and the Lagna, using 
the times of the risings of the Rasis. 



Chapter VII 

Moon's Cusps 

1. Subtract 703', 535' and 202' (as many as possible) 
from the Sphutakranti of the moon, first in the order as 
they are stated and then in the reverse order. {These 
minutes are the tabular differences of the Krantis of the 
last points of Mesa, Vrsa and Mithuna, iii. 7.) Calculate 
from the remainder the Caradala of the moon using the 
Caradalas of the Raiis at the observer's station and the 
above numbers. Adding the result to the Caradalas 
passed over, the moon's Caradala is obtained. 

2-3. Multiply the Jya of the difference or sum of 
the Krantis of the sun and moon, according as they are 
in the same or opposite directions, by the hypotenuse 
(of the right-angled triangle, whose other sides are the 
gnomon and its shadow caused by the moon), and divide 
by the Jya of the colatitude„ of the place. Add to or 
subtract from the result the number of Angulas in the 
Palabha, in the same or different directions respectively. 
Thus is obtained the Bhuja, which is the base, and is to 
the south of the moon's place. The perpendicular is 
12 Angulas. The hypotenuse is the square root of the 
sum of the squares of the base and the perpendicular. 

4. The difference in degrees between the longitudes 
of the sun and moon, divided by 15, gives in terms of 
Angulas, etc., the illuminated portion of the moon along 
the hypotenuse calculated above. 

The obscured part in the disc of the moon, which is 
of 12 digits, may be found as in the case of the sun. 
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Conjunction of Planets 

1. 4, 2, 8, 6 and 10, each multiplied by 10, give the 
degrees in the longitudes of the Patas (nodes) of Mars, 
Mercury, Jupiter, Venus and Saturn respectively. 

9, 12, 6, 12 and 12, each multiplied by 10, give respect- 
ively the minutes in the Viksepas of the above planets. 

2. The Jya of the feghrakendra of a planet obtained 
in the fourth operation during the process of finding its 
true longitude, multiplied by the Jya of its maximum 
&ghraphala and divided by the Jya of its Sighraphala 
obtained in the fourth operation, gives its Slghrakarna. 

When the &ighrakendra of a planet is 180°, its Sighra- 
karna is the Trijya less the Jya of its maximum ^Ighraphala. 
When the Slghrakendra is 360°, the ^ighrakarna is the 
sum of the Trijya and the Jya of the maximum ^ighraphala. 

3. Take the difference of the longitudes of the two 
planets, whose conjunction is under consideration. Divide 
it by the difference of their daily motions, if they are moving 
in the same direction, or by the sum, if they are moving 
in opposite directions. The result is in days, etc. If the 
slower planet is ahead of the quicker (and if both the 
planets are moving in the same direction), the conjunction 
will take place after the time given in the result; if the 
quicker is ahead of the slower, the conjunction has taken 
place before the time. 

4. Find the difference between the longitudes of the 
two planets (whose longitudes are to be made equal). 
Multiply by it the daily motion of each planet. Divide 
each of the two products by the difference of the daily 
motions of the two planets, if they are in the same direction, 
or by the sum, if they are in opposite directions. Subtract 
each result from the longitude of the corresponding planet, 
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if the conjunction has taken place, and add, if it is to take 
place, the planet having a direct motion. If it is retrograde, 
subtract the result from its longitude, if the conjunction 
is to take place, and add if it has taken place. The two 
planets will then have equal longitudes. 

5. When two planets have equal longitudes, subtract 
from each the longitude of the planet's Pata. In the 
case of Mercury and Venus, however, the longitude of the 
Pata should be subtracted from the Sighrocca of the planet. 
Find the Jya of each of the remaining arcs. Multiply 
each by the mean Viksepa of the corresponding planet, 
and divide by its &ghrakarna (viii. 2). The result is the 
Sphutaviksepa of the planet. 

6. When two planets are of equal longitudes, the 
distance between their centres is the difference between 
their Viksepas, when in the same direction, or is the sum 
of the Viksepas, if in opposite directions. 

All other calculations are the same as those in a solar 
eclipse. The Viksepa of the lower of the two planets, 
whose conjunction is being considered, should be corrected 
by the Avanati, as in the case of the moon. 



Chapter IX 



Stabs 

1-2. Each of the Naksatras, Mula, Purva Bhadrapada, 
Uttara Bhadrapada, Asvini, Punarvasu, Visakha, Purva 
PhalgunI and Uttara PhalgunI, has two stars. The 
Naksatras, Citra, Tisya, &atabhisaj, Ardra, Svati and 
Revati, have one star each. Abhijit, Jyestha, Bharani, 
Sravana and Mrgasiras have three stars each. Krttika, 
Aslesa and Magha have each six stars. Anuradha, Purva- 
sadha and Uttarasadha have four each. Dhanistha, Hasta 
and Rohini have five each. 

3. The star, which is the brightest of all the stars 
in each Naksatra, is called Yogatara. The Dhruvaka 
and Viksepa of each Yogatara are given below. 

4-6. The following are respectively the Dhruvakas 
of the Yogataras in the Naksatras beginning with Asvini 
by means of which their conjunction with planets is 
considered. 

8°, 20°, 1 sign 7° 28', 1 sign 19° 28', 2 signs 3°, 2 signs 7°, 
3 signs 3°, 3 signs 16°, 3 signs 18°, 4 signs 9°, 4 signs 27°, 
5 signs 5°, 5 signs 20°, 6 signs 3°, 6 signs 19°, 7 signs 2° 5', 
7 signs 14° 5', 7 signs 19° 5', 8 signs 1°, 8 signs 14°, 8 signs 
20°, 8 signs 25°, 9 signs 8°, 9 signs 20°, 10 signs 20°, 10 
signs 26°, 11 signs 7° and 12 signs. 

7. If the longitude of a planet corrected by the 
Ayanadrkkarmakala is less than the Dhruvaka of the 
Yogatara, the conjunction is yet to take place; if greater, 
the conjunction has taken place. This rule- is applicable 
when the planet has direct motion. If the planet is retro- 
grade, the rule is reversed. The rest of the calculation 
(as regards the time of conjunction, etc.) is the same as 
in the case of the conjunction of two planets. 
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The Viksepas of the Yogataras, that is their distances 
from their Dhruvakas measured on the declination circles 
or Dhruvaprotas passing through them, are given below. 

8-10. The following are respectively the Viksepas of 
the Yogataras in the Naksatras beginning with As vim. 

10° N, 12° N, 5° N, 5° S, 10° S, 11° S, 6° N, 0°, 7° S, 
0°, 12° K, 13° N, 11° S, 2° S, 37° N, l£° S, 3° S, 4° S, 8J° S, 
5£° S, 5° S, 62° N, 30° N, 36° N, 18' S, 24° N, 26° N and 0°. 

11-12. The Viksepas of the Yogataras of Rohini, 
Krttika, Citra, Visakha, Anuradha and Jyestha should 
be respectively decreased by 27' } 29', 15', 7', 76' and 30'. 

13. Three stars from Rohini, that is, Rohini, Mrgasiras 
and Ardra, Aslesa, two stars from Hasta, that is, Hasta 
and Citra, and six stars from Visakha, that is, Visa-kha, 
Anuradha, Jyestha, Mula, Purvasadha and Uttarasadha, 
have Viksepas to the south. (&atabhisaj also has Viksepa 
to the south.) The remaining stars, that is, Asvini, Bharani, 
Krttika, Punarvasu, Piirva PhalgunT, Uttara Phalguni, 
Svati, Abhijit, Havana, Dhanistha, Piirva Bhadrapada 
and Uttara Bhadrapada, have Viksepas to the north. 
(Tisya, Magha and Revati have no Viksepa.) 

14. When a planet is on the same side of the ecliptic 
as the Yogatara of any Naksatra, the planet will occult 
the Yogatara, if its Sphutaviksepa is either greater than the 
difference of its semi- diameter and the Viksepa of the 
Yogatara or less than the sum of the two, 

15. When the longitude of a planet, corrected by 
the Ayanadrkkarmakala, is 1 sign 17° and its Viksepa is 
greater than 2° S, it occults the cart of Rohini. 

16. When the moon has the maximum north Viksepa, 
it occults the third star of Magha. When it has no Viksepa, 
it occults Pusya, Revati and ^atabhisaj. 



TRANSLATION OF UTTARAKHANDAKHADYAKA 



Chapter I 

Uttara Chapter on Tithis and Naksatras 

1. I now give corrected rules as Aryabhata's formulas 
do not give quite accurate results. 

The more correct Mandocca of the sun is 2 signs 17° 
(and not 2 signs 20° as given in KP, i. 13). 

2. Multiply the Ahargana by 110. Add 511 to the 
product. Divide the sum by 3031. The result in terms 
of revolutions, etc., when subtracted from the mean longi- 
tude of the moon, gives its Mandocca (which is more 
correct than that given in KP, i. 13). 

3. Subtract 354| from the Ahargana. Divide the 
remainder by 6792. The result in terms of revolutions, 
etc., when subtracted from 360°, gives the longitude of the 
moon's Pata (which is more correct than that given in 
KP, i. 14). 

4. Multiply the Vikala* by half the difference of the 
Gatakhanda and the Bhogyakhanda and divide the product 
by 900. Add the result to half the sum of the Gatakhanda 
and the Bhogyakhanda, if their half sum is less than the 
Bhogyakhanda; subtract, if greater. The result in each 
case is the Sphutabhogyakhanda or correct tabular difference. 

5. The Mandaphalas of the sun (calculated according 
to KP, i. 16) should be decreased by *V part, and those 
of the moon (calculated according to KP, i. 17) should be 
increased by part. 

Multiply the daily motion of any planet by the sun's 
Mandaphala and divide the product by 21600. The result 
is Bhujantara, which should be added to the longitude 
of the planet, if the Mandaphala is added to the sun's 

1. Remainder left after subtracting as many tabular differences of 
J yas, etc . , as possible . 

73 



74 



KHATjTDAKHADYAKA 



longitude; and subtracted, if the Mandaphala is subtracted. 
This gives the longitude of the planet corrected by 
Bhujantara. ! 

6. Multiply 5000 by the Jya of the colatitude of the 
place and divide the product by the Trijya. The result 
is the correct circumference of the earth at that place. 

Now I shall correctly describe the Naksatras according 
to the Paitamahasiddhanta. 

7. Six Naksatras are Adhyardhabhogi (that is, each 
of them occupies 1J of 790' 35", the mean daily motion 
of the moon, along the zodiac); 6 are Ardhabhogi (that is, 
each occupies \ of 790' 35"); 15 are Samabhogi (that is, 
each occupies 7-90' 35"); and Abhijit has a special extension 
of its own. 

8-9. Rohini, Punarvasu, Visakha, Uttara Bhadrapada, 
Uttara Phalguni and Uttarasadha are the six Adhyardha- 
bhogi Naksatras. Jyestha, Bharanl, Svati, Ardra, Sata- 
bhisaj and Aslesa are the six Ardhabhogi. The remaining 
15, excluding Abhijit, are Samabhogi. Abhijit is the 
twenty-eighth Naksatra and its extension is different 
from that of the above 27 Naksatras. As the extension of 
each Naksatra along the zodiac is not the same, it is not 
generally known to the common people. 

10-11. Multiply the number of minutes in the mean 
motion of the moon by f, \ and 1. The products 
give respectively the extension in minutes of an Adhyardha- 
bhogi, Ardhabhogi and Samabhogi Naksatra. 

Add together the extensions of all the 27 Naksatras. 
Subtract the sum from 21600. The remainder is the 
extension of Abhijit in minutes. 

Subtract as many extensions of the Naksatras as 
possible, beginning with Asvini, from the longitude of a 
planet converted into minutes. (The planet is in the next 
Naksatra after having passed the Naksatras whose extensions 
have been subtracted.) The remainder is the portion of the 
current Naksatra passed by the planet. Divide the portions 
passed and to be passed by the planet's daily motion. 
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The results are respectively the number of days since the 
planet entered the current Naksatra and the number of 
days the planet will remain in that Naksatra. 

12. To find the arc corresponding to a given Jya, 
first subtract from the Jya as many tabular differences 
as possible. Multiply the remainder, called Vikala, by 
900 and divide by the next tabular difference. The result 
gives roughly the arc in minutes corresponding to the 
Vikala as the Jya. Find the Bhogyakhanda from this 
arc (KU, i. 4). Repeat the process till the Bhogya- 
khanda is fixed. This will give the correct value of the 
arc in minutes corresponding to the Vikala as the Jya 
(and hence the required arc). 

13. When the moon is at the end of Mithuna, and its 
Sphutakranti is less than that of the sun, which is in the 
half circle, of the ecliptic beginning with either Mesa or 
Tula, there is neither the possibility of Vyatipata in the 
first case, nor that of Vaidhrta in the second. Again 
when the moon is at the end of Dhanus, and its Sphuta- 
kranti is less than that of the sun, which is in the half 
circle of the ecliptic beginning with either Mesa or Tula, 
there is neither the possibility of Vaidhrta in the first case, 
nor that of Vyatipata in the second. If in any of the 
above four cases the moon's Sphutakranti is greater than 
that of the sun, there is a possibility of Vyatipata or 
Vaidhrta, as the case may be. 

14. There is Vyatipata if the moon's Sphutakranti 
is equal to the sun's Kranti both in magnitude and direction ; 
and Vaidhrta if they are equal in magnitude but opposite 
in direction. 

When the moon's Sphutakranti is obtained by subtract- 
ing its Madhyamakranti from its Viksepa, in that case 
even if its Sphutakranti is greater than that of the sun, 
it must be taken as less. (When the Madhyamakranti 
is subtracted from the Viksepa, the resulting Sphutakranti 
is negative; so even if numerically greater than the sun's 
Kranti, it must be considered less.) 
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15. When the moon is in the first or third quadrant, 
and its Sphutakranti is less than that of the sun, the Pata 
(Vyatipata or Vaidhrta) will take place; if greater, the 
Pata has taken place. When the moon is in the second 
or the fourth quadrant, the conditions are reversed. 

16-18. From the longitudes of the sun, moon and 
its Pata (node) at the Patadhruvakakala, calculate the 
Sphutakrantis of the sun and the moon. If it is the case of 
Vyatipata, that is, if the sum of the longitudes of the sun and 
the moon is 6 signs, find the sum or difference of the two 
Sphutakrantis, according as they are in opposite directions 
or in the same. If it is the case of Vaidhrta, that is, if 
the sum of the longitudes of the sun and the moon is 12 signs, 
find the sum or difference of the two Sphutakrantis, 
according as they are in the same or opposite directions. 
Let this result in each case be called Prathamarasi. 

Assume some time before or after the Patadhruvakakala 
and find the longitudes of the sun, moon and its Pata at 
this time and hence their Sphutakrantis. Find their sum 
or difference as above. Let in each case this result be 
called Dvitiyarasi. 

If the Sphutakrantis at the Patadhruvakakala and 
at the assumed time indicate that either the Pata* has 
taken place or will take place, find the* difference of the 
Prathamarasi and the Dvitiyarasi. But if one pair of 
Sphutakrantis indicates that the Pata has taken place 
and the other that it will take place, then find the sum of 
the Prathamarasi and the Dvitiyarasi. The sum or differ- 
ence is called Cheda or divisor. Multiply the assumed 
time and the Prathamarasi and divide the product by the 
Cheda. The result in Ghatikas, etc. , gives the time between 
the Patadhruvakakala and the Patamadhyakala. If the 
Sphutakrantis at the Patadhruvakakala indicate that 
the Pata has taken place, the Ghatikas give the time when 
the Patamadhyakala took place. If the indication is 



1. Vyatipata or Vaidhrta. 
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that the Pata will take place, the Ghatikas give the time 
after which the Patamadhyakala will take place. 

19-20. The above process must be repeated by 
calculating again and again the longitudes of the sun 
and the moon, till the time is fixed. 

Multiply the sum in minutes of the semi-diameters 
of the sun and the moon by the fixed time obtained above, 
and divide the product by the Prathamarasi. The result 
is the approximate half duration of the Pata. Repeat 
the process to find the times of the beginning and -the end 
of the Pata. 

The method of determining the Vyatipata and the 
Vaidhrta is found in no other work excepting Brahma- 
sphutasiddhanta. 



Chapter II 

Uttara Chapter on True Places and Motions 
of Planets 

1. The Mandoocas of Mars and Jupiter (as given in 
KP, ii. 6) should respectively be increased by 17° and 10°. 
The &ghrocca of Venus should be decreased by 74'. The 
Mandaphala of Saturn should be decreased by its |. 
The 6ighraphala of Mercury should be increased by its 
y-g-. (The results would then be more correct.) 

2-3. Multiply the Bhogyagati by the Bhuktagati- 
phalamsa and divide by the Bhuktagati. The result 
is the corrected Bhuktagatiphalamsa. Find half the 
difference of the Bhogyagatiphalamsa and the corrected 
Bhuktagatiphalamsa. Multiply it by the Vikala and 
divide by the Bhogyagati. Add or subtract the result 
to or from half the sum of the Bhogyagatiphalamsa and 
the corrected Bhuktagatiphalamsa, according as the half 
sum is less or greater than the Bhogyagatiphalamsa. The 
result is the Sphutabhogyagatiphala or correct tabular 
difference of the ^Ighraphala to be passed over (and hence 
the correct 6ighraphala). 
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Uttara Chapter on Three Problems relating 
to Diurnal Motion 

1. The subject-matter of the Triprasnadhikara has 
already been discussed in the first chapter of KU, where 
correct calculation of the Jya of an arc and vice versa 
and that of the Kranti is given. Hence there is no need 
for mentioning the same again in this chapter. 

2. A 6ariku is a, pole 12 Ahgulas in length with a 
base 2 Aiigulas in width and a pointed top. There is a 
hole from the base to the top. It can be made to stand 
vertically by means of the hole at the top. 

3. A -Ghatika made of copper has the same shape 
as that of the lower half of a Kalasa or pitcher. There 
is a small hole at the middle of its base so made that a 
day and a night are completed, when the Ghatika has 
immersed sixty times into the water. 
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Uttara Chapter on Eclipse 

1-2. If the Mandakendra of the sun or moon is less 
than 6 signs, the Mandaphala of each should be subtracted 
from its mean longitude; if the Mandakendra is greater 
than 6 signs, the Mandaphala should be added. The 
result in each case will be the corrected longitude. 

From these longitudes calculate the time of opposition 
or conjunction, according as it is lunar or solar eclipse. 
Find the Natakala at that time. Multiply the Jya of 
the sun's Mandakendra by the Jya of the Natakala. 
Multiply the product again by 191 and divide by the square 
of the Trijya. Add or subtract the result in seconds, to 
or from the sun's corrected longitude, according as it is 
in the western or eastern half of the sky. (The result giv$s 
its correct true longitude.) 

Multiply the Jya of the moon's Mandakendra by the 
Jya of its Natakala. Multiply the product again by 499 
and divide by the square of the Trijya. The result is in 
seconds. If the Mandaphala of the moon is subtractive, 
add or subtract the result to or from its corrected longitude, 
according as it is in the eastern or western half of the 
sky. If the Mandaphala is additive, subtract the result 
from the corrected longitude of the moon, whether it is 
in the eastern or western half of the sky. (The result is 
its correct true longitude.) 

The process should be repeated till the longitudes are 
fixed. 

3. If the sun is in the eastern half of the sky, the 
correction to its motion is subtractive, additive, subtractive 
and additive, according as its Mandakendra is in the first, 
second, third and fourth quadrants respectively. If the 
sun is in the western half, the process is reversed. 
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In the case of the moon, when it is in the western half, 
the correction to its motion is subtractive, additive, 
subtractive and additive, according as its Mandakendra 
is in the first, second, third and fourth quadrants respec- 
tively. If the moon is in the eastern half, the correction 
is additive, subtractive, subtractive and additive, according 
as its Mandakendra is in the first, second, third and fourth 
quadrants respectively. 

4. In the case of a solar eclipse, add the length of the 
day (on which the eclipse occurs) to its one-quarter. 
Add to the sum the Dinagata or the Dinasesa, whichever 
is less, and divide by half the length of the day. The 
result is the number of minutes in an Angula on that day. 

(In a lunar eclipse the same method must be followed 
using the length of the day of the moon.) 

The bjeadth of six grains of barley without the husk 
is equivalent to one Angula. 

5. The semi-diameters of the obscuring and the 
obscured bodies, their sum and the Viksepa of the moon 
are expressed in Angulas, when the number of minutes 
in these lengths is divided by the number of minutes in an 
Angula. 

The Trijya and the Valanajya are expressed in Angulas 
by dividing each by any number. (It is 6 according to 
ancient astronomers.) 1 

6. Draw by means of Karkat (a kind of compass) 
on the ground three concentric circles, whose radii are 
respectively equal to the radius of the obscured body, 
the sum of the radii of the obscuring and the obscured 
bodies and the Trijya. (These circles are respectively 
called Grahyavrtta, Samasavrtta and Trijyavrtta.) Then 
mark the directions north, south, etc., in these circles. 

7-10. In a lunar eclipse, for contact, the Valanajya 
should be marked along the Trijyavrtta, from the east 
point in its own direction; and for separation, from the 



1. KBM, p. 138, commentary on verse 8. 
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west point in the opposite direction. In a solar eclipse, 
for contact, the Valanajya should be marked , along the 
Trijyavrtta from the west point in a direction opposite 
to its own; for separation, from the east point in its own 
direction. 

In a lunar eclipse, the Viksepa is marked along the 
Samasavrtta in a direction opposite to its own, both for 
contact and separation. In a solar eclipse, the Viksepa 
is marked along the Samasavrtta in its own direction 
both for contact and separation. 

•Following the above rules mark off on the circum- 
ference of the Trijyavrtta a length equal to the Valanajya 
beginning from the east or west point, as the case may be. 
Join the point thus marked and the centre of the concentric 
circles by a straight line. (This line is called Valanasiitra.) 
Mark the point where this line cuts the Samasavrtta. 
From this point along the circumference of the Samasavrtta 
cut off a length equal to the Viksepa (according to the 
rules given above). (The point thus marked is the centre 
of the obscuring body.) With this as centre and the 
radius of the obscuring body as radius, describe a circle, 
representing the obscuring body. (The respective diagrams 
give the positions during contact and separation.) 

11-13. For a diagram at the Madhyagrahanakala, 
that is at Purnanta or Darsanta, first mark the north 
and the south points in the concentric circles already 
drawn. In a solar eclipse, the Valanajya should be marked 
along the Trijyavrtta from the north point, if the moon's 
Viksepa is north, and from the south point, if the Viksepa 
is south. The Valanajya should be marked eastward, 
if its direction is opposite to that of the Viksepa, and 
westward if same. In a lunar eclipse the reverse process 
must be followed. 

Join the point thus marked and the centre of the 
concentric circles by a straight line. From the centre along 
this line cut off the length of the Viksepa, in its own direction 
in a solar eclipse, and in an opposite direction in a lunar 
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eclipse. Mark this point, which is the centre of the obscuring 
body. With this point as centre and the radius of the 
obscuring body as radius, describe a circle. This represents 
the obscuring body. Thus one should draw the diagrams 
on the ground to represent contact, separation and the 
middle of an eclipse. 

14-16. In a solar eclipse, from the centre of the sun 
or Grahyavrtta mark along the Valanasiitra a length equal 
to the Bhuja. If the given time is between the Madhya- 
grahanakala and the beginning of the eclipse, the length 
must be marked to the west; and to the east if the time is 
between the Madhyagrahanakala and the end of the eclipse. 
At the point thus marked, draw a line perpendicular to 
the Bhuja and equal to the length of the Koti, in the same 
direction as that of the sun's Koti. The straight line 
joining the, centre of the sun to the end of the Koti is called 
Kama. With the point of intersection of the Koti and 
the Kama as centre, and with the radius of the moon 
or obscuring body as radius, draw a circle. Thus is found 
the obscured portion of the obscured body at a given time. 
In the same .manner the diagrams for immersion and 
emergence may be drawn. 

In a lunar eclipse, from the centre of the moon or 
Grahyavrtta mark along the Valanasiitra a length equal 
to the Bhuja. If the given time is between the beginning 
of the eclipse and the Madhyagrahanakala, the length 
must be marked to the east ; and to the west, if the time is 
between the Madhyagrahanakala and the end of the eclipse. 
At the point thus marked, draw a line perpendicular to 
the Bhuja, and equal to the length of the moon's Koti, 
in a direction opposite to its own. The straight line 
joining the centre of the moon to the end of the Koti is 
called Kama. (The remaining construction is the same 
as that in a solar eclipse.) 

17. Both at the beginning and end of the eclipse, 
the moon is dusky; it is dark, when the obscured portion 
is less than half and is of dark copper colour, when the 
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obscured portion is greater than half; it is tawny, when it 
is completely obscured. 

18. If the obscured portion of the sun is less than its 
twelfth part, the eclipse is ignored, because the obscured 
portion is so small that it cannot be seen owing to the 
brightness of the sun. If the obscured portion of the moon 
is greater than its sixteenth part, the eclipse is considered, 
because though the portion is small, it is visible owing to 
the clearness of the moon. 

19-23. Find the mean longitudes of the sun and the 
moon's Pata on a given day. Subtract the longitude of 
the Pata from that of the sun. Subtract the remainder 
separately from 6 and 12 signs and express the difference 
in minutes. Divide this difference by the sum of the mean 
daily motions of the sun and the Pata. The result is 
in days, etc. If the difference in the longitudes of the sun 
and the Pata is greater than 6 or 12 signs, the difference 
was equal to it before the time in the result; if less, the 
difference will be equal to it after the time in the result. 
If the time is near Amavaaya, there is the possibility of a 
solar eclipse; if near Purnima, there is the possibility of a 
lunar eclipse. 

If there is no eclipse at present, solar or lunar, (it 
should then be examined whether there was one 6, 12, 
18, 24, etc., months before or there will be one after the 
same intervals. For this purpose, the longitudes of the 
sun, moon, its Ucca and Pata before or after these intervals 
must be found). The half-yearly motions of the sun, 
moon, its Ucca and Pata are respectively 5 signs 24° 27' 6", 
5 signs 22° 12' 53", 19° 42' 56" and 9° 22' 40". Multiply 
these motions by the number of half years before or after 
which the possibility of an eclipse is to be determined. 
The products resulting from the motions of the sun, moon 
and its Ucca should be added to the respective longitudes, 
if the time is after the given day; and deducted if the 
time is before the given day. The product resulting from 
the Pata's motion should be applied to its longitude in 
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the reverse manner. (The final results are the mean 
longitudes at the time, when the possibility of an eclipse 
is being determined.) 

It has already been explained how to find the true 
longitudes of the sun, moon, etc., to calculate *the correct 
time of an eclipse. Thus the possibility of an eclipse can 
be mathematically determined and so its correct time. ' 



Chapter V 



Uttara Chapter on Rising and Setting of Planets 

1. The longitudes of the Patas of Mars, etc., are 
40°, 20°, 80°, 60° and 100° respectively. 

The mean Viksepas of Mars, etc., are 90', 150', 60', 
120' and 120' respectively. 

2. The second Mandaphalas calculated during the 
process of finding the true longitudes of Mercury and Venus 
should be added to or subtracted from the longitudes of 
their respective Patas (as given above), according as 
the Mandaphalas are additive or subtractive. The results 
are their correct longitudes. 

The second &ghraphalas calculated during the process 
of finding the true longitudes of Mars, Jupiter and Saturn 
should be added to or subtracted from the longitudes of 
their respective Patas (as given above), according as 
the ^ighraphalas are subtractive or additive. The results 
are their correct longitudes. 

3-4. When Venus has direct motion, its diameter 
appears smaller, and it rises in the west and sets in the 
east by a Kalamsa of 10°. When its motion is retrograde, 
its diameter appears bigger, and it rises in the east and 
sets in the west by a Kalamsa of 8°. Mercury rises and 
sets in a similar manner, with the difference that when it 
is direct, its Kalamsa is 14° and 12° when retrograde. 
The diameters of Mars, Jupiter and Saturn always appear 
the same. (There is, therefore, no change in their 
Kalamsas.) They rise in the east and set in the west by 
the Kalamsas already given (in KP, vi. 1). 

5. The Dhruvaka of Agastya is 2 signs 27° and its 
distance from the ecliptic measured on the declination 
circle is 77° to the south. Its Kalamsa is 12°. 
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6. The Dhruvaka of Mrgavyadha is 2 signs 26° and 
its distance from the ecliptic measured on the declination 
circle is 40° to the south. Its Kalamsa is 13°. 

7. The Kalamsa of each Naksatra is 14°. No 
Ayanadrkkarma correction need be applied to their 
Dhruvakas, as they are already so corrected. The Aksa- 
drkkarma correction only should always be applied. 

8-10. From the Udayalagna of Agastya calculate 
the Lagna at 2 Ghatikas after sunrise by means of the times 
of the rising of the Rasis (according to the method explained 
before). The result is the Udayasurya of Agastya. Again 
from the Astalagna calculate the Lagna at 2 Ghatikas 
before sunrise. Add 6 signs to it. The result is the 
Astasurya of Agastya. 

In the same manner the Udayasurya and Astasurya 
of Mrgavyadha may be found. In this case 2 Ghatikas 
and 10 Vinadis should be used. 

Similarly, the Udayasurya and the Astasurya of 
other Naksatras should be calculated. In this case 2 
Ghatikas 20 Vinadis should be used. 

Agastya, Mrgavyadha or any of the Naksatras rises 
or sets, according as its Udayasurya or Astasurya is the 
same as the true longitude of the sun. 

11. Subtract the number of degrees in the Natamsa 
of a Naksatra from 90°. The remainder is its Unnatamsa. 

The Naksatra, whose Udayasurya is less than its 
Astasurya, is always heliacally visible. 

12. A Naksatra is visible, as long as the true longitude 
of the sun lies between its Udayasurya and Astasurya. 
Otherwise it is invisible. 

Find the difference between the Udayasurya of a 
Naksatra and the sun, or the Astasurya and the sun. 
Express the difference in minutes. Divide each difference 
by the motion of the sun. The results give respectively 
the number of days passed since the visibility of the 
Naksatra, and that which will pass before it is invisible. 



Chapter VI 



v Uttaba Chapter on Conjunction of Planets 

1. (While considering the conjunction of two planets) 
multiply the Adhikadina (the longer day) by the Unadino- 
ditaghatika (or the Ghatikas passed since the rising of the 
planet with the shorter day), and divide by the Unadina 
(the shorter day). If the result is greater than the 
Adhikadinoditaghatika (or the Ghatikas passed since the 
rising of the planet with the longer day), the conjunction 
of the planets has taken place. If less, the conjunction 
will take place. 

2-3. Find the difference between the above result 
and the Adhikadinoditaghatika. Call it Adya. 

Now assume some time before or after that, when 
the planets have equal longitudes, according as the 
conjunction has taken place or will take place. Find the 
longitudes of the planets at that time, and hence the lengths 
of their days, and the number of Ghatikas passed in each 
day. From these, in the above manner, find the difference, 
and call it Anya. Now if both the Adya and the Anya 
show that the conjunction has taken place, or will take place, 
find their difference. Multiply the Adya by the assumed 
time, and divide by this difference. The result in terms 
of Ghatikas, etc., gives the correct time of the conjunction 
of the planets, either before or after the moment of their 
having equal longitudes, according as the Adya shows 
that the conjunction has taken place or will take place. 

But if the Adya shows that the conjunction has taken 
place, and the Anya shows that it will take place, or vice 
versa, then find their sum and proceed as before. 

4. Multiply the number of Ghatikas passed in the 
day of a planet by the number of Ghatikas in the day of 
the other planet, and divide by the length of the day of 
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the former. If this result is equal to the number of 
Ghatikas passed in the day of the second planet, there is 
conjunction of two planets. 



I, Brahmagupta, son of Jismi, have now completed 
the Khandakhadyaka. I have written it for the benefit 
of the students of astronomy. I hope this treatise will 
answer the questions of all those who are eager to know 
about the celestial sphere. 



MATHEMATICAL NOTES ON 
PURVAKH AN D AKH ADYAKA 



Chapter I 

Units of Time 



60 Vipalas — 
60 Palas -- 
60 Ghatikas — 
6 Asus or Pranas = 



1 Pala or Vinadi 
1 Ghatika or Nadi 
1 Dina 
1 Vinadi 



Units of Angular Measurement 

60 Viliptas, Vikalas 

or seconds = 1 Lipta, Kala or minute 
60 Liptas = 1 Ariisa, Bhaga or degree 
30 Amsas = 1 Rasi or sign 
12 Rasis = 1 Bhagana or revolution 

1 Yojana - 5 miles nearly 

Certain technical terms in Sanskrit used in this chapter 
and later are explained below. 

A Sauradina is the interval of time during which the 
sun moves through 1° of the ecliptic. 

A Sauramasa is the interval of time during which the 
sun moves through 30° or 1 sign; that is, a Sauramasa is 
equal to 30 Sauradinas. 

A Sauravarsa is equal to 12 Sauramasas. 

A Tithi or Candradina is the interval of time during 
which the moon gains 12° of longitude over the sun. 

A Candramasa or synodic month is equal to 30 Tithis. 

Adhimasas or intercalary months are the total number 
of months in the difference between the number of Candra- 
masas and Sauramasas during any period and Adhisesa is a 
fractional part. An Adhimasa is a synodic month. 
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An Adhivarsa is equal to 12 Adhimasas. 
Adhidina is aV of an Adhimasa. 

A Savanadina or Kudina or civil day is the interval 
of time between one sunrise and the next. 

In Khandakhadyaka it is the time between one mid- 
night and the next. 

The Ahargana is the number of Savanadinas between 
any two dates. 

If one of these dates is the first day of the current 
Sauravarsa and the other date is within the year, the 
Ahargana is called Laghvahargana. 

Avamadinas or Avamaratras are the total number of 
days in the difference between the number of Savanadinas 
and Candradinas during any period and Avamasesa is 
the fractional part. An Avamadina is Savana. 

The day when a Sauramasa ends is called Sankranti. 
A Candramasa ends on Amavasya or day of con- 
junction of the sun and moon. 

A Naksatradina or sidereal day is the time during which 
the celestial sphere makes one revolution round the earth. 

According to Khandakhadyaka in a Mahayuga or 
briefly Yuga, of 43,20,000 Sauravarsa, 

Yugasauramasa = 5,18,40,000 
Yugacandramasa — 5,34,33,336 
Yugadhimasa — 15,93,336 

Yugatithi = 1,60,30,00,080 
Yugasavanadina = 1,57,79,17,800 
and Yugavamadina = 2,50,82,280 

The Yugabhagana or revolutions of the sun, moon 
etc., in a Yuga, according to Khandakhadyaka are 

Sun 43,20,000 

Moon 5,77,53,336 

Moon's Ucca 4,88,219 

Moon's Pata 2,32,226 

Mars 22,96,824 

Sighrocca of Mercury 1,79,37,000 
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Jupiter 3,64,220 
SJghrocca of Venus 70,22,388 
Saturn 1,46,564 



The 12 signs of the zodiac or Rasi are 



Mesa 


Aries 


Vrsa 


Taurus 


Mithuna 


Gemini 


Karkat or Karka 


Cancer 


Simha 


Leo 


Kanya 


Virgo 


Tula 


Libra 


Vrscika 


Scorpio 


Dhanus 


Sagittarius 


Makara 


Capricornus 


Kumbha 


Aquarius 


Mina 


Pisces 



3-5. The following is the method to find the Ahargana 
between any two dates, say, between the end of the year 
of composition of this treatise and the midnight of any 
given day. 

Count all the years elapsed between the two given 
dates. These are Sauravarsa. Multiply this number by 12. 
The product is Sauramasa. Count all the Candramasa 
during the remaining part of the last year beginning with 
the light half of Caitra, Assume these as Sauramasa 1 
and add to the number of Sauramasa already obtained. 
Multiply the sum by 30. The product is Sauradina. 
Count all the Tithi since the end of the last Candramasa, 

1. This apparently wrong assumption does not affect the result as 
neither Adhimasasesa nor Avamasesa is used to calculate the Ahargana. 
Bhaskara has explained it in his commentary on S6, Goladhyaya, 
Madhyagativasana, 15-18. 
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that is, from the last Amavasya till the given day. Assume 
these to be Sauradina and add to the Sauradina already 
obtained. The result is the number of Sauradina, say V, 
between the end of the year of composition and the end 
of the last Sauradina or Sauranta. 

Then from the proportion Yugasauradina : Yugadhi- 
masa : : V : W, the number of Adhimasa and Adhisesa 
corresponding to V Sauradina is obtained. Then V-f 30 W 
is the number of Candradina between the end of the year 
of composition and the Sauranta. Adhisesa is the interval 
of time between the end of the last Tithi and the Sauranta. 
When this element is subtracted from V+30 W, the remain- 
der is the number of Candradina, say Y, between the end 
of the year of composition and the last Tithi. (The 
Adhisesa is first added and then subtracted. It is, there- 
fore, not u^ed to find the Ahargana.) 

Then from the proportion Yugacandradina : Yugava- 
madina : : Y : Z, the number of Avamadina arid Avainasesa 
corresponding to Y Candradina is obtained. Y-Z is then 
the number of Savanadina between the end of the year 
of composition and that of the last Tithi. Avamasesa 
is the interval of time between the end of the Tithi and 
the midnight following. When this element is added to 
Y-Z, the sum is the number of Savanadina between the end 
of the year of composition and the midnight of the given 
day. (The Avamasesa is first subtracted and then added. 
It is, therefore, not used to find the Ahargana.) The 
number of Savanadina thus obtained is known as Ahargana. 



Proof of the Formula 

Let S be the total Sauradina. 
Yugasauradina : Yugadhimasa : : S : Y. 
S x 1593336 



Y = 



1555200000 
S 

104064 
1593336 
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Now 



S S 

976 976 | 104064 
T 1593336 

S 



976(14944+1; 
S 

976x14945' 



nearly 



976 \ 14945/ (1) 

.". Adhimasa adjusted from the beginning of 
Kaliyuga is 

S+5/ 1_\ 

976 \ 14945/ ' 

(5 is explained below) 
As explained above only the integral portion is used 
for Ahargarta. Let it be A. Then S + 30A is the total 
Caiidradiim. Let it be C. 

Yugacandradma : Yugavama : : C : Z. 

25082280 xCx 11 ' 



Z = 



1603000080X11 
11C 

703 158040 ■ 



Now 



25082280 

11C 11C 

703 703+ 158040 



25082280 



lie 

703(111572+1) nearly 



lie 



703x111573' 
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/. Avamadina adjusted from the beginning of 
Kaliyuga is 

11C4-497 / _ j__ \ 
703 \ 111573/ ' 

(497 is explained below) 
As explained above only the integral portion is used 

for Ahargana. When this is subtracted from C, the result 

is the required Ahargana. 

Now the Ksepa or additive quantities 5 and 497. 

These are used to adjust the Ahargana, so that the positions 

of the planets, etc., are adjusted from the beginning of 

Kaliyuga. 

Sauravarsa elapsed since the beginning of Kaliyuga 
till the beginning of Saka era is 3179. 

Sauravarsa elapsed since the beginning of Saka era 
till the en4 of the year of composition is 587. 

/. t otal Sauradina = 3766 X 12 x 30 
= 1355760. 

from (1) above 

Adhimasa and Adliisesa corresponding to 1355760 

_ 1355760 / 1 \ 
~~ 976 \ 14945/ 

= 1389 X 976+5 Dina+ 17 Ghatika. 
Thus 5 is added to S above. 

Again Candradina elapsed since the beginning of 
Kaliyuga till the end of the year of composition is 
1355760+1389x30, that is, 1397430. 

.'. from (2) above 

Avamadina and Avamasesa con-esponding to 1397430 

_ 11X1397430 / _ 1 \ 
703 \ 111573/ 
= 21865x703+497 Dina+14 Ghatika. 

Thus 497 is added to 11C above. 

17 Ghatika and 14 Ghatika are respectively added to 
Adhimasasesa and Avamasesa (i. 6. ab). 
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8. Proof of the Formula 

Let A denote Ahargana between the end of 587 &aka 
and the midnight of the given day when the mean longitude 
of the sun is required. 

Yugasavanadina : Yugaravibhagana : : A : Y. 

. y _ 4320000 x A • 
1577917800 

_ 800A 
292207 ' 

The Ksepa from the beginning of Kaliyuga till the 
end of 587 $aka is calculated as follows. 
Total Sauradina is 1355760. 
.'. total Savanadina is 1397430—21865 = 1375565. 

(as calculated before) 
A 1577917800 ; 4320000 • : 1375565 : Z. 

4320000X1375565 



Z = 



1577917800 
438 



= 376e 2922«r 
mean longitude of sun 

800A ,438 
= ^2^ + 2^2207 revolutlOnS 

800A+438 , . 
= 292207 revoiutlons - 



As the revolutions of Mercury and Venus and those 
of the Sighroccas of Mars, Jupiter and Saturn in a Mahayuga 
are the same as those of the sun, the formula for the sun 
applies to them also. 



9. Proof of the Formula 

The mean longitude of the moon is derived from that 
of the sun. 
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On Amavasya the sun and moon coincide. The mean 
longitude of the moon at midnight of a given day is, 
therefore, equal to that of the sun plus the degrees it gains 
during the Tithi between the last Amavasya and midnight, 
which is total number of Tithi plus fraction of a Tithi, 
called Avamasesa. 

Tithi — total Tithi _|_ Avan ^ ase ? a (Havana units) 

703 

(703 Candradina : 11 Avamadina : : Given Tithi : ?) 

xxi m xi.- i 64 Avamasesa tri . , 
= total TithH 63 x703 ' ^ Can(ira umts )- 

( 64 Avamasesa\ 
Tithi+- — 63 x 70 3 ' j degrees 

( m , . 3 Avamasesa\ , 
12 TithiH ' 1 degrees. 

Hence the midnight moon. 



10. Similar method as given in verse 8 should be 
followed. 



11-12. Proof of the Formula 

Longitudes of sun and moon are calculated from 
Adhisesa and Avamasesa. 

! t 1 ! J ! ! 

A B CD E F G 

(The diagram does not represent lengths of time but 
gives a rough idea of the different points for calculating 
the time.) The proof is probably as follows. 

A represents Caitramanta or end of Amavasya in 
Caitra of the year when longitude is required. B represents 
Abhistamanta or end of Amavasya previous to the given 
day. C represents Tithyanta or end of last Tithi. D repre- 
sents Madhyaratra or midnight. 
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Assume the Candramasa between A and B as Sauramasa 
or Rasi. This is called Masa in the rule. The, Sankranti 
will be, say, at E. Assume the Tithi between B and C 
as Sauradina or Am£a or degree. This is called Dina in 
the rule. The end of the last Sauradina or Sauranta will 
be, say, at F. The Avamasesa or CD converted into Saura 
units or Kalas will end, say, at G. This is caUed Prathama 
in the rule. 

Candramasa+Can(kadina+Avamasesa 

= Tithi ending at D . . (i) 

Masa + Dina + Prathama 

= mean sun at G . . (2) 

.*. difference between (1) and (2) 

= Adhisesa from D to G. 
When it is subtracted from (2), the result is the mean 
longitude of the sun at midnight. 

This Adhisesa is the sum of Avamasesa and Adhisesa, 
while calculating Ahargana, both converted into Saura units. 
Avamasesa as before 

Avamasesa /C1 . 
= — — (bavana umts) 

64 Avamasesa . „ , 

(Uandra units) 



63X703 
Avamasesa 



692 



(Candra units) 



_ Avamasesa X 30 .„ 

692x1006 ( Saurau ^ts). 

(976 Sauradina+30 Adhidina = 1006 Candradina) 
Adhisesa as before 

30 Adhisesa .„ _ 
976 — ~ ^ andra ^ts) 

_ 30x976 Adhisesa 

~" 976x1006 (SaUra 

_ 30 Adhisesa .„ 

1006 (^aura units). 
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.*. total Adhisesa 

30 /Avamasesa, \ 

— — — — —+ Adhisesa I . 

1006 \ 692 ^ ■ / 

.*. mean longitude of sun 

= Masa+Dina+Prathama 

30 /Avamasesa \ 

— I • -— — : — ^ Adhisesa) . 

1006 \ 692 ^ * / 

Again mean longitude of moon 

= sun + degrees gained by moon 
= Masa+Dina+Prathama 

30 /Avamasesa , . „ \ 

I — — 7^7, — : — h Adhisesa 

1006 \ 692 ^ • / 

+ 12 (Masa+Dina+Prathama) 
= 13 (Masa+Dina+Prathama) 

30 /Avamasesa \ 

{ - nnn — — + Adhisesa . 

1006 \ 692 ^ • J 

Brahmagupta gives the rule for calculating mean 
longitudes of sun and moon from Avamasesa and Adhisesa 
also in BSS, xiii. 20-22. This method is followed by 
Sripati in his Siddhantasekhara, Madhyamadhyaya, 21-22. 



13. Proof or the Formula 

Let A denote Ahargana between the end of 587 &aka 
and the midnight of the given day, when the longitude 
of the moon's Ucca is required. 

1577917800 : 488219 : : A : Y. 

488219 X A 
■'• ~ 1577917800 



A 
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Now 



1577917800 3232 
488219 
_ A 

3232x262637 ' 

3232x262637^3232 

A Ax 21600 

revolutions+— — - — ,^ minutes 



3232 ^3232 x 262637 

A . . A 

revolutions +—-— minutes. 



3232 ^39298 
Now the Ksepa. 

1577917800 : 488219 : : 1375565 : Z 
488219x1375565 



Z = 



1577917800 

= 125 961903735 
+ 1577917800' 

• Kse - 961903735 3232 
• Pa 1577917800 X 3232 
= 1970f 

The Ksepa of Ucca in the beginning of Kaliyuga is 
£ revolutions. 

A |X3232 

i = oo<>o revolutions 

808 

= 3232 revolutions .. (2) 

.'. total Ksepa = (l)+(2) 

— additive 



3232 

453| 
3232 



453 f "u 
or nnnn subtractive. 



A 453s 

longitude of Ucca = 4 revolutions 

+392^8 minuteS - 
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14. Pkooe of the Formula 

Let A be Ahargana between the end of 587 Saka and 
the midnight of the given day. 

1577917800 : 232226 : : A : Y. 
232226 X A 



Y = 



1577917800 
6795 - 57870 



Now 



232226 
232226 A A 



1577917800 6795 
_ 57870 A 
~~ 1577917800X6795' 

Y __A_ + 57870 A 



6795 ' 1577917800X6795 

A A 

revolutions + ^rj^ degrees. 



6795 ' 514656 

Now the Ksepa. 

1577917800 : 232226 : : 1375565 : Z. 

„ 232226X1375565 



= 202 



1577917800 
702562090 



1577917800 



702562090 
/. Ksepa = revolutions 
r 1577917800 

3026 . 
= x=ttz: revolutions. 
6795 

The Ksepa of Pata in the beginning of Kaliyuga is 
3397 

\ revolutions = ^795 nea, riy- 

total Ksepa = additive 
' r 6795 

372 

or subtraotive. 
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longitude of Pata = 



A— 372 
6795 



revolutions 



A 



degrees. 



514656 



As Pata moves in a direction opposite to that of th* 
sun, etc., its longitude is 12 signs minus the above result. 



15. The prime meridian passes through Lanka, Ujjayini 
and extends to the north as far as Meru. The mean 
longitudes calculated above are for that line. 

This verse gives the rule to find the Desantaraphala oi 
the amount of correction to be given to these longitudes 
for a particular place. 

In this rule Brahmagupta uses 4800 Yojana as 
the earth's circumference in general. In Uttarakhanda- 
khadyaka, however, he takes it to be 5000 Yojana and 
gives the method to find the correct circumference at any 
place (KU, i. 6 ab). 



16-20. The planetary motions according to Indian 
astronomers are explained in App. VII. 



21. A Naksatra occupies of 360 X 60' = 800'. Hence 
the rule. 



22. This rule is derived from the definition of a Tithi, 
that is, the interval of time during which the moon gains 
12° or 720' over the sun. 
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23-24. A Karana is half of a Tithi. There are 4 fixed 
Karanas, as given in the verse, and 7 movable Karanas. 
They are Bava, Balava, Kaulava, Taitila, Gara, Vanij and 
Visti, As there are 60 half Tithis in a Candramasa, each 
movable Karana occurs 8 times during this period. 



25. Vyatipata and Vaidhrta or known as Pata 1 is an 
important topic. An example from Varuna's commentary 
has been worked out in detail at the end of the notes on KU, 
i. 16-20. 



1. Moon's node is also called Pata. 



Chapter III 

Certain terms used in this chapter and later on are 
explained below. 

Nadimandala is the celestial equator and Dhruva is 
its pole, and Dhruvaprota is a secondary to it. 

Krantimandala is the ecliptic and Kadamba is its 
pole, and Kadambaprota is a secondary to it. 

Yamyottaramandala is the meridian and Unmandala 
is the six o'clock circle. 

Samamandala is the prime vertical and Samaprota 
is a secondary to it. 

Ksitija is the horizon. 

Ahoratravrtta is the diurnal circle and Dyujya is 
its radius. 

Purvaparasutra is the east-west line. 

Udayastasutra is the line of intersection of Ahoratra- 
vrtta and Ksitija. 

Aksamsa is the terrestrial latitude and Lambamsa 
is the colatitude. 

Aksajya is Jya or 'sine' of latitude and Lambajya is 
Jya of colatitude. (For Jya see pp. 188-189.) 

Kranti is the declination. Krantijya is its Jya. 

Kujya is the perpendicular drawn from a point of 
intersection of Ahoratravrtta and Unmandala on Udayasta- 
siitra and Krantijya is equal to the perpendicular drawn 
from the same point on Purvaparasutra. The line joining 
their feet is called Agra. 

6anku is the gnomon 12 Angulas high; Palabha is its 
shadow at noon, when the sun is at either equinox. Pala- 
karna is the hypotenuse of the right-angled triangle with 
6anku and Palabha as the sides. 

Caradala or briefly Cara is half the variation of a day 
from 30 Ghatika or ascensional difference. Caradalajya 
or Carajya is its Jya. 

104 
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Lagna is the orient ecliptic point. 

Similar triangles that are used in this chapter and 
later on are illustrated below. 

2' 



E A 








\ M / 
\ / R 


X. oX X J 


— —skj xy 

jf\ F 



B 



N 

Fig. 1 



Let ZANB be Yamyottaramandala and Z the zenith. 1 
Let ACB be the diameter of Ksitija and EOT the diameter 
of Nadimandala. Let P, P' be Dhruvas. Let GH be the 
diameter of an Ahoratravrtta of the sun meeting the dia- 
meter of the Unmandala or PCP' at L and the Ksitija 
at O. Let EM be perpendicular to AB. 

Then EZ is Aksamsa and CM Aksajya. AE is 
Lambamsa and EM Lambajya. CE is Trijya. Thus EMC 
is a right-angled triangle with Lambajya, Aksajya and 
Trijya as sides. Let it be called W. 

Now CL, distance between Nadimandala and Ahoratra- 
vrtta, is equal to Krantijya. L is point of intersection of 
Ahoratravrtta and Unmandala and LO is perpendicular 
on line of intersection of Ahoratravrtta and Ksitija. Thus 



1. This diagram is borrowed from the notes on SS, Goladhyaya, 
vii. 45-49, by B. D. Saatri (p. 174). 
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LO is Kujya. CO, lying on Ksitija, is the distance between 
Pui*vaparasutra and Udayastasutra and is Agra. From 
the diagram, triangle CLO, with sides Krantijya, Kujya 
and Agra, is similar to W. Let it be called X. 

Let the sun be at K. KD, perpendicular to Ksitija, is 
also called Sanku. DO is Sankutala and KO Istahrti. From 
the diagram, triangle KDO, with sides Sanku, Sankutala 
and Istahrti, is similar to W, X. Let it be called Y. 

The midday 6anku is called Madhyahnasanku. 

Suppose the sun is at E, the equinoctial point. Let 
CR represent gnomon or Sanku of 12 Angulas. RT, per- 
pendicular to CR meeting E'CF in T, is Palabha and CT 
is Palakarna. From the diagram, triangle CRT, with 
Sanku, Palabha and Palakarna as sides, is similar to W, X 
and Y. Let it be called Z. 

Thus there are four similar right-angled triangles W, 
X, Y and Z. 



1. Proof of the Formula 




Q. 



Fig. 2 
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Let Sanku . be 12 Angulas and the corresponding 
Palabha p Angulas at the observer's station. 

First find Krantijya when sun's Bhuja or longitude 
is 30°. 

Let ABC be Krantimandala and AMQ Nadimandala. 
Let P be Dhruva and PBM and PCQ be Dhruvaprotas 
passing respectively through arcs of 30° and 90° of Kranti- 
mandala. Then BM and CQ are Krantis corresponding 
to 30° and 90° respectively. 

From the diagram, 

, . „™ J yaABxJyaCQ 

J y aBM -j^ig — 

Jya30°xJya24° 
~ Jya90° 
(obliquity of Krantimandala is 24°) 

75 x 61 (in R Jy _ QO o = 150 . K> iij. 6 ), 



150 



61 

Krantijya = 



(1) 



Now the formula for Caradalajya. 




Fio. 3 
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Let AEMQ be Nadimandala and P its Dhruva. Let 
DSB be Ahoratravrtta of S, the sun. Let, PLE be 
Unmandala and HESK Ksitija. Let PSM be Dhruvaprota 
through S. 

Then EM is Caradala, LS is Kujyacapa, PS is Dyujya- 
capa and PM is 90°. 
From the diagram, 

JyaEM= J ^ LSxJ y aPM 



Jya PS 
Jya EM or Caradalajya 

_ Kujya X Trijya 
Dyujya 



Again Dyujya = 



Trijya 2 — Krantijya 2 



150 2 



from (1) 



= 147 nearly 
Again from similar triangles X, Z, 

Palabha X Krantijya 



Kujya = 



Caradalajya = 



61 
PXj- 

12 
61 p 
24 



i 61 
150x^p 



Sanku 



from (1) 



147 



from (3) and (4) 



13 



= — p. 



Caradala = 



60 p minutes (Lipta) 
= 60 p Asu 
(on Nadimandala 1' == 1 Asu) 
60 „. 



(2) 



(3) 



(4) 
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Brahmagupta gives 159. 

This is Mesacaradalakhanda or half the variation of a 
day from 30 Ghatika at the end of the first sign of Zodiac 
or Mesa. 

Similarly, Caradalakhandas at the end of other Rasis 
may be found. 



4. Proof of the Formula 




Fig. 4 



Let ABC and AMQ be Krantimandala and Nadi- 
mandala respectively. Let P be Dhruva. Let PBM, 
PB'M' and PCQ be Dhruvaprotas passing through arcs 
of 30°, 60° and 90° respectively. Then AM denotes the 
time measured in Asu taken by the first Rasi, Mesa, to 
rise above the horizon at Lanka. 
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From the diagram, 



J Jya. PB 




Jya 66° x Jya 30° 
Dyujya when longitude is 30° 

= 136X75 
147 

(from (3) in previous formula) 
= 70 nearly. 

.*. AM = 1675' along Nadimandala 

= 1675 Asu 

= 279 Vinadi. 
Brahmagupta gives 278. 

Similarly, other times can foe found both at Lanka and 
at other latitudes. 



5. Proof of the Formula 



k 




c 



N 



Fro. 5 



Let AB, AC represent Krantimandala and Nadimandala 
respectively. Let D, E and B be the ends of the first 
three Rasis respectively. Let S be the position of the 
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sun at t Asu after sunrise. Let KLMN be the position 
of Ksitija at that time meeting Krantimandala in L and 
Nadimandala in M. L is the Lagna required. 

Let F, G, H and be the points of Nadimandala 
rising at the same time as S, D, E and B respectively. FM 
represents t Asu after sunrise. 
Longitude of L 

= arc AS+arc SL 

= sun's longitude+arc SD+arc LXE+arc EL. 

Arc EL can be found by means of proportion from 
the time of rising of the third Rasi. 

From the same diagram, the time can be found for 
which Lagna is known. 



8. # . Proof of the Formula 




Fra. 6 



Let HZPN be the observer's Yamyottaramandala and 
Z be the zenith. Let EQ be Nadimandala, HON Ksitija 
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and P Dhruva. Let S be the sun at midday. Then ZS is 
its Natamsa or zenith distance, HS its Unnatamsa and SE its 
Kranti. ZE is Aksamsa of the place. 

Draw SA perpendicular to ZO. Then AS is Natamsajya 
and OA is Unnatamsajya. 

Produce ZO to cut the circle at Z'. Cut OB equal 
to 12 Arigulas. Draw BC perpendicular to OZ' meeting 
SO produced in C. Then OB represents $ahku or 
gnomon, BC Madhyahnacchaya or midday shadow and OC 
Madhyahnacchayakarna or hypotenuse at midday. 

From the diagram, 

_ ASxOB 
BC --OA~ 

_ Natamsa jy a X 12 
Unnatamsajya 

_ Jya, (Aksamsa— Kranti) x 12 
~ Jya, {90°— ( Aksamsa— Kranti)} ' 

Madhyahnacchaya 

Anastajya,xl2 .. , 
= Q^ e( ^ a ( in wor ds of formula). 

When the sun is to the south of the equator, Natamsa 
is the sum of Aksamsa and Kranti. 



9. Proof of the Formula 

From the previous diagram, 

00 OA~ * 

Madhyahnacchayakarna 

Trijyaxl2 

~ Jya, {90°- (Aksamsa- Kranti)} ' 



1 1 . These results follow from similar triangles W and Z. 
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13-16. Proof of the Formula 




Fig. 7 



The terms used in these verses are first explained. 

Let CDEF represent a portion of the plane of Nadi- 
mandala, 1 C its centre and CD its line of intersection with 
Yamyottaramandala. Let CABG represent a portion of 
the plane of Ahoratravrtta, with centre C and CAD line of 
intersection with Yamyottaramandala. Then DC or EC 
is Trijya and AC or BC is Dyujya. Let CK be Caradalajya; 
then FE is Carardhacapa or Caradala. Let CL be Kujya. 
Let S be the sun; CS joined cut the Nadimandala in S\ 
Then S'D is Natakala or hour angle of the sun. Let SM, 
S'N be perpendiculars to CD and SP to LG and S'Q to KF. 
ThenDK 

= Antya 

= Trijya+Caradalajya. 
1. This diagram is borrowed from SS, translated by Burgess, p. 133. 



1 1 4 itHAljrpAKHiDYAltA 

It will be the difference when the sun is in the southern 
hemisphere. 

S'N is Natakalajya, NC is Natakalakotijya and DN 
Natakalotkramajya . 
S'Q = Istantya 

= Antya — Natakalotkramajya. 
FD = Dinardha or half day in the northern hemi- 
sphere. FS' is Dinagata or measure of the day passed. 
ES' == Siitracapa 

= Dinagata— Carardhacapa. 
When the sun is in the southern hemisphere, it will 
be the sum. 

AL =-Hrti 

= Dyujya+Kujya. 
SP = Istahrti. 

It is easily seen that when the sun is on Yamyottara- 
mandala, Antya and Istantya and Hrti and Istahrti are 
the same. 

From the diagram, 

q ' CBxS'Q 
CS' 

r i DyuiyaX Istantya , . 

or Istahrti = —--— ^ J — (1) 

Trijya v ' 

Again from triangles Y and Z, 

j. 12 X Istahrti 

^ aDku= Palakarna " " " < 2 > 



Now to prove the formula in verse 13. 

Now the triangle whose sides are l§anku or gnomon 
of 12 Angulas, Chaya or shadow at any time and Chaya- 
karna is similar to the triangle whose sides are Unnatamsajya 
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(also called &anku), Natamsajya (both at that time) and 
Trijya. 

.*, Chayakarna 

= 12 X Trijya 
&anku 

_ 12 X Trijya X Palakanja X Trijya 
~ 1 2 X Dyu j ya X Istantya 

(from (1) and (2)) 

_ 12 X Trijya ' Palakarna x Madhyahnasanku 



Madhyahnasanku 12 

Istantya X Dyujya 

= Madhyahnacchayakarna X Hrti 

x Trijya 
Istantya x Dyujya 

(from 9 and similar triangles Y and Z) 

Madhyahnacchayakarna X Antya 
"~ (Antya— Natakalotkramajya) 

(from (1)) 



To prove the formula in verse 14. 



In the above diagram let S'Q meet CE in R. 
S'Q = Istantya 
= S'R+RQ 

= Jya (Dinagata— Caradala) -fCaradalajya. 

When the sun is in the southern hemisphere, Caradala 
is added and Caradalajya subtracted. 

This is so when the time is before midday. After 
midday, 

Istantya = Jya (BinasesaT Caradala) ±Caradalajya. 
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To prove the formula in verse 15. 

From 13, 
Chayakarna 

_ Madhyalmacchayakarna X Antya 
Istantya 

.'. Istantya 

_ Madhyalmacehayakarna X Antya 
Chayakarna 

= Phala. 
Now Natakalotkramajya 

= Antya— Istantya. 
Hence Natakala. 



To prove the formula in verse 16. 

In the above diagram, 

S'R = Phala— Caradalajya . . . . (1) 

When the sun is in the southern hemisphere, Caradalajya 
will be added. 

.*. ES' is arc corresponding to (1) as Jya. 

/. FS' — Dinagata 

= Caradala+arc corresponding to (1) as Jya. 

When the sun is in the southern hemisphere, Caradala 
should be subtracted. 

If the time is before midday, the result is Dinagata, 
and Dinasesa, if after midday. 



Chapter IV 

Certain terms are explained below. 
Ravivyasa is sun's diameter and Ravivyasardha is 
the radius. 

Candravyasa is moon's diameter and Candravyasardha 
is the radius. 

Bhuvyasa is earth's diameter and Bhuvyasardha is 
the radius. 

According to Indian astronomers 6522, 480 and 1581 
Yojanas are the diameters of sun, moon and earth res- 
pectively. 

Ravibimbamana is sun's angular diameter and Candra- 
bimbamana is moon's angular diameter. 

Ravilsarna is the distance between earth's centre 
and sun and Candrakarna that between earth's centre 
and moon. 

Madhyagati is mean motion and Spastagati or Sphuta- 
gati is true motion. 

Raviparamalambana is sun's horizontal parallax and 
Candraparamalambana is moon's horizontal parallax. 

Viksepa of a planet is its celestial latitude. 

The maximum latitude of moon is 270'. 



2. Proof of the First Formula 




Fig. 8 
117 
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Let E be centre of earth, S centre of sun, EA, EB 
tangents, SE Ravikarna. SA, SB are Ravivyasardha. 
Angle AEB is Ravibimbamana. 



_ 8522 Spa'stagati 
2~ X 11859 " 
(according to Indian astronomers) 

SEA = ~ Spastagati nearly (in minutes). 

.'. 2 SEA = Ravibimbamana 
11 

= 20 ®P a ^ a S a *i nearly (in minutes). 
Similarly, Candrabimbamana 



Aryabhata II gives the same formulas in Maha- 
siddhanta, Candragrahanadhikara, 5. 



Jya SEA = 



Jya A x S A 

m 



Tri jya x Raviyyasardha 
Ravikarna 





Proof of the Second Formula 



c 




K 



F 



6 



Fig. 9 



MATHEMATICAL NOTES 



119 



Let S be sun, E earth, AB moon's path. Let tangents 
CD, FG meet in K, cutting AB in L, M. Let SE produced 
meet the tangents in K. EO is perpendicular to SC. 
SE is Ravikarna and LM Rahumana or earth's shadow. 
Join EL, EM. 

Jya SOExSO 



Jya SEO = 



SE 



.. Ravivyasardha 
— njya x R av ik arn a 

. _ Bhuvyasardha 
njyax R av ik arna 

= Ravibimbamanardha 
— Raviparamalambana . 
(previous formula) 
.*. SEO = the same nearly 

= EKL. 
Again Jya ELD 

. _ Bhuvyasardha 

= Candraparamalambana. 
.'. ELD = the same nearly. 
Rahumana 
= 2 LEK 
= 2 (ELD— EKL) 
= 2 (Candraparamalambana 
—Ravibimbamanardha 
+ Raviparamalambana) 

( Candrasphutagati 
15 

11 _ . , , ... Ravisphutagati , - \ 
— — Ravisphutagati H ^ — s — minutes 1 

^Paramalambana is Sphufogati j 

— 8 Candrasphutagati— 25 Ravisphutagati . nuteg 
_ 6() minu es. 
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The same formula is given by Aryabhata II in Maha- 
siddhanta, Candragrahanadhikara, 6, and by , Bhaskara 
in Ganitadhyaya, Candragrahanadhikara, 9. 



Proof of the Formula 




Fig. io 



Valana is the variation of the eastward direction 
of the ecliptic from the eastward direction of the disc of a 
planet. According to ancient astronomers it is measured 
on the arc of a circle, which is at a distance of 90° from 
the place of the planet on Krantimandala. It consists 
of two arcs— the arc between the east point on Kranti- 
mandala and that on Nadimandala and the arc between 
this latter point and the east point on Samamandala. 
The first is called Ayanavalana and the second Aksavalana. 
Thus Ayanavalana is also measured by the angle between 
the secondaries to Krantimandala and Nadimandala, that 
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is, between Kadambaprota and Dhruvaprota, and Aksa- 
valana by the angle between the secondaries to Nadimandala 
and Samamandala, that is, between Dhruvaprota and 
Samaprota. 

In the diagram, let S2PN be Yamyottaramandala, 
ZE Samamandala, EQ Nadimandala and CL Kranti- 
mandala. Let Z be zenith, P Dhruva, K Kadamba, 
N Samacihna or north point and M moon. Through M and 
N, P and K draw secondaries to Samamandala, Nadi- 
mandala and Krantimandala ; these are respectively Sama- 
prota, Dhruvaprota and Kadambaprota. Then angle 
NMP measures Aksavalana and angle PMK Ayanavalana. 

From the diagram, 

T - tvthtt~> JyaPNMxJyaNP , 1N 
JyaNMP- Jy . ^ .. .. (1) 

Angle PNM is moon's zenith distance on Samamandala 
or Samamandaliyanatamsa, NP Aksamsa and Jya PM 
is Dyujya. 

from (1) 

-r. , . _ Samamandaliyanatamsaiya X Aksajya 

Aksavalanaiya = • • . J , — _ .. " . ; " • 

Dyujya (= Tri Jy a nearly) 

Hence Aksavalana. 
Again from the diagram, 

T . ^ Jya PKMxJyaPK , m 
Jya PMK = jy&PM " ' < 2 > 

Angle PKM is 90°+moon's 'longitude, or 90°+Candra- 
bhujariisa. PK is measure of obliquity of ecliptic or 
Paramakranti. 

/. from (2) 

Ayanavalanajya 

_ Jya (90°+Candrabhujam&a) X Paramakrantijya, 
Dyujya (= Trijya nearly) 

= Krantijya (90°+Candrabhujamsa) 
= Satribhagrahakrantijya. 
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Hence Ayanavalana. 

For Aksavalana Prthudaka (KSG, pp. 99-10Q), Bhattot- 
pala (text, pp. 1 16-119) and Amasarma (KBM, pp. 134-136) 
take Natakalotkramajya and for Ayanavalana calculate the 
Kranti by taking the differences in the reverse order. The 
above calculation shows that they are wrong. Bhaskara 
criticizes Prthudaka for not understanding Brahmagupta's 
rule in Goladhyaya, Drkkarmavasana, 16-17. 



Chapter V 



Certain terms are explained below. 

Drksepavrtta is a secondary to ecliptic passing through 
zenith. Vitribha is the point where it cuts ecliptic. 

Lambana is parallax in longitude. Avanati is parallax 
in latitude. 

Vimandala is the orbit of moon or planet. 

Viksepa or &ara is celestial latitude. 



1-2. Pboof of the Foemula 




Fig. H 



Let SZN be Yamyottaramandala, CD Krantimandala, 
KVK' Drksepavrtta, Z zenith, K and K' Kadamba, 
V Vitribha, M Garbhiyacandrabimba or moon's disc as 
seen from the centre of the earth, and M' Lambitacandra- 
bimba or deflected moon's disc. Let ZMM' be Drnmandala, 
Then ZV is Natamsa and KZ Unnatamsa of Vitribha, 
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MM' Drglambanakala, or deflection of moon's disc. Let 
KMK' and KM'K' be Kadambaprotas cutting Kr&nti- 
mandala at F and G respectively. Then F, G are respec- 
tively the places of Garbhiyacandrabimba and Lambita- 
candrabimba on Krantimandala. FG is Sphutalambanakala 
or parallax in longitude of the moon. FV is difference 
between longitudes of moon and Vitribha or Vitribha- 
candrantara. Let M'A and ZB be at right angles to KMK'. 
From the diagram, 

j pG _ Jya KG X Jya AM' 
Jya KM' 

_ Jya KG x Jya MM' x Jya KZ x Jya FV 
Jya KM' x Jya MZx Jya KV 

__ Trijya X Drglambanajya 
Trijya (nearly) 

Vitribhonnatamsajya 
JyaMZ 

Vitribhacandrantarajya 
Trijya 

Now Drglambanajya 

__ Paramalambanajya x Caridranatajya 
Trijya 

_ Paramalambanakala (nearl y) x Jya ZM' 
Trijya, 

Tt T 5 T?n Paramalambanakala ... 
. . jya j? u = Trijya 2 X ltriDnonnata ^ a jya 

X Vitribhacandrantarajya. 
(ZM' = MZ nearly) 
.". Candrasphutalambanaghatika 

. _ Vitribhonnatamsajya x Vitribhacandrantarajya 

~~ ^ Trijyy nearly 



MATHEMATICAL NOTES 



125 



(Paramalambanakala = 4 Ghatika) 
Vitribhacandrantarajya 



(1) 



Trijya 



Vitribhoimatamsajya 
Similarly, Ravisphutalambanaghatika 
Vitribharavyantarajya 



(2) 




Vitribhonnatamsajya 

The total Lambana should be the difference of (1) 
and (2). Brahmagupta, however, neglects (2) as it is 
very small and considers the difference between Vitribha 
and sun at the time of conjunction the same as that between 
Vitribha and moon. So according to him, 

Lambanaghatika 



But while calculating Vitribhonnatamsa he appears 
to consider Vitribha on Yamyottaramandala and not on 
Drksepavrtta. Thus according to him Vitribhanatamsa 
is sum or difference of Vitribhakranti and Aksarhsa. But 
Kranti is taken up to Vimandala and hence the necessity 
for Vitribhasara. Unnatamsa is 90° minus Natamsa. 



Vitribharavyantarajya 




Vitribhonnatamsajya 
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Let SZN be Yamyottaramandala, Z zenith, FMV 
Vimandala of moon, CD Krantimandala and ZMM' 
Drnmandala. Let M be Garbhiyaeandra, M' Lambita- 
candra and V Vitribha according to Brahmagupta. Let 
KMK' and KM'K' be Kadambaprotas through M and 
M' respectively. Draw M'A perpendicular to KMK'. AM 
is then Avanati or parallax in latitude. 

Brahmagupta considers triangles MVZ and MFM' 
similar, though they are not so. Thus according to him, 

j FM , = JyaVZxJya MM' 
J Jya MZ 

_ Vitribhanatamsajya X Param alambana 
Trijya 

(as in previous proof) 
_ Vitribhanatamsaj ya X 48' 45" 13 

(Paramalambana is 48' 45") 
13 

.'. FM' = — Vitribhanatamsajya nearly. 
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Brahmagupta takes AM to be nearly equal to FM' 
and hence this is the value of Avanati. 

The method is not correct and Bhaskara criticizes 
it in Ganitadhyaya, Suryagrahanadhikara, 13. 



5-6. Proof of the Formula 

Drksepavrtta is the dividing line of the sphere when 
Lambana is calculated. Lambana is subtractive, when 
sun is to the east of this line and additive when to the 
west. Lambana is zero, when sun is on Vitribha and 
maximum when on horizon. 

Let \i, 1 2 and l s be Lambanaghatikas for beginning, 
middle and end of eclipse respectively. Let d be calculated 
time for middle of eclipse or Garbhiyadarsantakala and 
dx and d 2 durations of first and second half of eclipse 
respectively. 

Let 1 1? 1 2 , 1 3 be subtractive and lj > 1 2 > I3. 

Then apparent durations of first half and second half 
of eclipse will be respectively 

(d-lgMd-di-li) 

or dx+fli-I,) 
and (d+d 2 -l 3 )-(d-l 2 ) 
or d 2 +(l 2 -l 3 ). 

Let lj, 1 2 , 1 3 be additive and 1! < 1 2 < 1 3 . 
Then apparent durations of first half and second half 
of eclipse will be respectively 

(d+laMd-di+U 
or d 1 +(l 2 -l 1 ) 
and (d+d 2 +l 8 )-(d+l 2 ) 
or d 2 +{l 8 -l 2 ). 
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Let 1 1} 1 2 , 1 3 be subtractive and U < 1 2 < l s . 
Then apparent durations of first half and second half 
of eclipse will be respectively 

(d-lsMd-di-lx) 
or di-flj-li) 
and (d+d 2 -l 3 )-(d-I 2 ) 
or d 2 -(l 3 -l 2 ). 

Let 1 1} 1 2} 1 3 be additive and lj > 1 2 > 1 3 . 
Then apparent durations of first half and second half 
of eclipse will be respectively 

(d+liMd-di+li) 
or di-^-y 
and (d+d 2 +l 3 )-(d+l 2 ) 
or d 2 -(l 2 -l 3 ). 

Let 1 2 be subtractive and l a additive. 

Then apparent duration of first half of eclipse will be 

" (d+laMd-di-y 
or di+^+l,). 

Let 1 2 be subtractive and l s additive. 

Then apparent duration of second half of eclipse will be 

(d+d a +l 8 )-(d-I a ) 
or d 2 +(l 2 +l 3 ). 

These rules are also given in BSS, v. 14-15, $V, 
Suryagrahanadhikara, 13-14, and in Siddhantasekhara, 
Suryagrahanadhyaya, 11-12. 



Chapter VI 

Proof oe the Formula 




Fig. 13 



Let EMQ and CMD be Nadimandala and Kranti- 
mandala respectively. Let P be Dhruva, K Kadamba and 
G the planet or Grahabimba. Let PGA be Dhruvaprota 
and KGB Kadambaprota. Then B is Sphutagraha ex- 
position of the planet on Krantimandala, and A is 
Ayanadattagraha. MA may be called polar longitude of 
the planet. AB is Ayanadrkkarmakala. GB is Viksepa of 
G, but Brahmagupta takes GA to be nearly equal to GB. 

Then from triangle GAB considered plane, 

Jya G X GA 



AB 



Jya B 

Ayanavalanajya X Viksepa 
Trijya - 
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_ Satribhagrahakrantijya x Viksep a 
~ Trijya 

_ Satribhagrahabhujajya x P aramakrantijya 
Trijya 

Viksepa 



X Trijya 

_ Satribhagrahabhujajya x Viksepa 
25Q2 ~ " ' 

60f( = 371 nearly) 

By applying Ayanadrkkarma correction to the longitude 
of a planet, one gets the point of Krantimandala on 
Unmandala, when the planet comes to it. 



Proof op the Formula 
. Q. Z 



GL 



N 



Fig. 14 



Let SZN be Yamyottaramandala, SN Ksitija, QME 
Nadimandala and AMB Krantimandala. Let Z be zenith, 
P Dhruva, G Grahabimba and B Ayanadattagraha. Let 
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GC be a portion of Ahoratravrtta between Dhruvaprota 
PGB and Ksitija. Then GC is Aksadrkkarmasu. Angle 
B is Aksaihsa and angle C Lambamsa. Here again 
Brahmagupta takes GB as the Viksepa of the planet. 
Then from triangle GCB considered plane, 



Aksajya x Viksepa 
Lambajya 

Palabha X Viksepa 
= _ . 

(from similar triangles W and Z) 



As GC is on Ahoratravrtta, the result is in terms of 
Asu, which should be changed into Kala by means of the 
time of rising of the Rasi in which the Ayanadattagraha is. 
But Brahmagupta takes the Asu to be nearly equal to 
Kala, and calls the result Aksadrkkarmakala. 

When Aksadrkkarmakala is applied to Ayanadatta- 
graha, one gets the point of Krantimandala, which rises 
or sets at the same time as the planet. These are respec- 
tively Udayalagna and Astalagna of the planet. 



GC - 



JyaBxGB 
Jya C 



Thus Aksadrkkarmasu 



Palabha X Viksepa 
12 



Chapter VII 



2-3. The proof is probably as follows. 

The calculation in these two verses is in the sphere 
whose radius is Candracchayakarna, that is, hypotenuse 
of right-angled triangle whose one side is &anku of 12 
Angulas and another its shadow caused by moon. 




D G F K 

Fig. 15 



Certain terms are first explained. 

Let SZ be a portion of Yamyottaravrtta. Let C be 
its centre and Z zenith. Let EC be Nadimandala. Produce 
ZC to D, so that CD represents Sanku of 12 Angulas. 
When sun is at E, DF is equinoctial shadow of CD, or 
Palabha. When sun is at A, DG called Bhuja is shadow 
and GF Agra. When sun is at B, DK called Bhuja is 
shadow and FK Agra. 

Thus Bhuja = Palabha ± Agra or ± Agra when sun is 
on horizon. 

Similarly, moon's Bhuja 

= Palabha ± moon's Agra, 
(in the above sphere) 
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Thus in this sphere, sun's Agra 

Ravyagra, X Candracchayakarna 

— Trijya 

and moon's Agra 

Candragra. x Candracchayakarna :^ 
" Trijya 

Thus difference between sun's and moon's Bhuja 

Candrakrantijya X Candracchayakarna 

— Palabha ± ^- — r ■- _ 

Lambajya 

^_ Ravikrantijya X Candracchayakarna 
Lambajya 

(Similar triangles W and X have been used) 

^ Candracchayakarna 
x aiaona i t t" • - 
Lambajya 

X (Candrakrantijya q= Ravikrantijya). 

In these verses Brahmagupta's difference is slightly 
different. The above form of Agra is given in BSS, vii. 6. 

The yalue of the hypotenuse is calculated from the 
right-angled triangle whose sides are Sariku of 12 Arigulas 
and the difference in Bhujas. 



4. Proof of the Formula 



If d is the difference in sun's and moon's longitudes 
on any day, the illuminated portion on that day follows 
from the proportion 180° : 12 : : d : ?, 12 Angulas being the 
illuminated portion of moon on Purnima. 

This formula is also given in BSS, vii. llab, Siddhanta- 
sekhara, Candradhyaya, 16, and SS, x. 9. An alternate 
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formula is also given in BSS, vii. 1 lcd-13, according to which 
illuminated portion or Sitangula 

_ Utkramajya d X 6 
~~ Trijya " 

This is also given by Lalla in Candrasrngonnatya- 
dhikara, 12, and by iSripati in Siddhantasekhara, Candra- 
dhyaya, 17. 

Dvivedi has discussed all these formulas and has 
given the best method in Vastava Candrasrngonnatisadhana. 



Chapter IX 



4-6, Dhruvaka of a Yogatara is the distance on 
Krantimandala between the beginning of Mesa and the 
point where Dhruvaprota passing through Yogatara meets 
Krantimandala. 



8-10. Viksepa of a Yogatara is the distance of the 
Yogatara from its Dhruvaka measured on Dhruvaprota. 
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Let AB be Krantimandala, AC Nadimandala, P Dhruva, 
D Yogatara of a Naksatra, PDG Dhruvaprota, AG Dhru- 
vaka of D. 

Let DE = DF be radius of a planet. 

When the centre of the planet is either at E or F, its 
circumference will just pass through D. When it is either 
between D an d E or between D and F, the planet will 
occult Yogatara. . 

Let it be at H and K. 

Then HG = Planet's Viksepa nearly 
= DG-DH 

> Viksepa of Yogatara— radius of planet. 
Again KG = Planet's Viksepa nearly 
= KD+DG 

< Viksepa of Yogatara + radius of planet. 
Sphutaviksepa in the formula means Viksepa of planet 
measured on Dhruvaprota. But Brahmagupta in K, 
viii. 5 has given a rule to find Viksepa on Kadambaprota 
only. So it appears that owing to very little difference 
Brahmagupta accepts Dhruvaprotiya Viksepa as Kadamba- 
protiya. Bhaskara observes this in S§,. Goladhyaya, 
Drkkarmavasana, 11-12. 



MATHEMATICAL NOTES ON 
UTTARAKHANDAKHADYAKA 



Chapter I 

4. Brahmagupta gives here the method to find 
Sphutabhogyakhanda or correct tabular difference for 
calculating Jya, Utkramajya, Kranti and Mandaphala. 
Bhaskara follows this remarkable method and proves it 
in S$, Ganitadhyaya, Spastadhikara, 16. 

The following example is taken from Varuna's com- 
mentary to illustrate this formula. 

To find Jya 2 signs 28° 57' 44". 

2 signs 28° 57' 44" = 5x 900'+837' 44". Thus 5 differ- 
ences or Khandas 39, 36, 31, 24, 15 have been passed. The 
next Khanda 5 is Bhogyakhanda, 15 is Gatakhanda and 
837' 44" is Vikala. 

According to formula, 

Sphutabhogyakhanda 

1 s K 

15+5 — (W**-> 

^ 2 900 

837' 44" 



10 



180 

The required Jya 

, „ / 837'44"\ 
(837' 44") (10 

~~ 900 

+ 39+36 + 31 + 24+15 

59 



= 149 60 
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5cd. The mean longitudes of the moon and the 
planets calculated from Ahargana according to the rules 
in KP are for the time, when half duration of the night 
has passed since the setting of the mean sun. These 
longitudes should be corrected, so that they are for the 
time, when half duration of the night has passed since the 
setting of the true sun. This is Bhujantara correction. 
The difference between mean and true sun is Mandaphala. 
The formula in this line gives the motion of the planets 
during the time taken by the sphere to turn through an 
arc equal to sun's Mandaphala, 

Bhujantara correction to moon's longitude is given 
inKP,i. 18. 

7-11. In KP, i. 21, Brahmagupta divides the zodiac 
equally among 27 Naksatras. Here he divides it among 28 
Naksatras, all of which do not have the same extension. 
Brahmagupta gives the same method in BSS, xiv. 46-54, 
and adds that this division is given in Paulisa, Romaka', 
Vasistha, Saura and Paitamaha Siddhantas and in Garga- 
samhita and others. He further adds that Aryabhata 
does not mention it. 

12. The rule given here follows from KU, i. 4. 
The following example is taken from Varuna's com- 
mentary to illustrate this formula. 

Let Jya of the latitude of a place be 84 — . 

60 

To find the latitude. 

The Jya Khandas are 39, 36, 31, 24, 15 and 5. 
84^ -39-36 = 9~ Vikala. 
9 A x 900 



— = 262' 44" is roughly 

_3 
60 



the arc corresponding to 9 — as Jya. 
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Bhogyakhanda after first approximation 

36 + 31 36-31 262 ' 44" 
= o 2 X 900 



46 

= 32 60- 

9^x900 

arc = rr- mil 1 "* 68 

4o 

32 60 
= 248' 34". 
Bhogyakhanda after second approximation 
36+31 36-31 248' 34" 



_ - 2 2 X 900 

49 
= 32 60* 

9^X900 

arc = rir~ minutes 

4» 

- 248' 11". 
Bhogyakhanda after third approximation 

36 + 31 S6 ~ 3]L 248' 11" 
= ~ 2 ~2 X 900 

— 32 ^ {same as before). 

arc = 248' 11" (same as before). 
.*. latitude = 2x900 '+248' 11" 
= 34° 8' 11". 

Incidentally, it is noted that while explaining this 
verse Bhattotpala says, 'Liptanam Oapam 5 . See also text, 
p. 35. 



140 



khaispakhSdyaka 



13, Certain terms are first explained. 
The Madhyamakranti of moon is its declination cal- 
culated from its longitude. Its Sphutakranti is the sum or 
difference of its Madhyamakranti and Viksepa. 

The sun has no Viksepa so its Sphutakranti is the 
same as its Madhyamakranti or briefly kranti. 

Vyatipatakala is the time during which the sum of 
the true longitudes of the sun and moon is somewhere 
near 6 signs and Sphutakranti of any point on the disc 
of the moon is equal in magnitude and direction to the 
Kranti of any point on the disc of the sun. 

Vaidhrtakala is the time during which the sum of the 
true longitudes of the sun and moon is somewhere near 
12 signs and Sphutakranti of any point on the disc of the 
moon is equal in magnitude but opposite in direction to the 
Kranti of any point on the disc of the sun. 

Both Vyatipata and Vaidhrta are denoted by Pata. 
Patadhruvakakala is the time when the sum of the 
true longitudes of the sun and moon is exactly 6 or 12 
signs. At this-time Madhyamakranti of the moon is equal 
to the Kranti of the sun. 

Patamadhyakala is the time when the Sphutakranti of 
the moon's centre is equal to the Kranti of the sun's centre. 

Patasparsakala is the time when the Sphutakranti 
of the lowest point on the moon's disc is equal to the Kranti 
of the highest point on the sun's disc. 

Patamoksakala is the time when the Sphutakranti 
of the highest point on the moon's disc is equal to the 
Kranti of the lowest point on the sun's disc. 

Thus at Patasparsakala and Patamoksakala, the 
difference of the Sphutakranti of the moon's centre and the 
Kranti of the sun's centre is equal to the sum of their radii. 

Now to explain the verse. When the moon is at the 
end of Mithuna or Dhanus, its Kranti is maximum. If 
in either of these positions, its Sphutakranti is less than 
the Kranti of the sun, there is no possibility of their becoming 
equal in near future, and hence no possibility of Pata. 
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15. When the moon is in the first or third quadrant, 
its Kranti increases till it reaches the end of the quadrant. 
If in either case, its Sphutakranti is less than the Kranti 
of the sun, there is a possibility of "Pata ; if greater, Pata 
may have taken place. 

In the second or fourth quadrant, the moon's Kranti 
decreases till it reaches the end of the quadrant. If in 
either case, its Sphutakranti is less than the Kranti of the 
sun, Pata may have taken place ; if greater, there is a 
possibility of Pata. 

16-20. The following example from Varuna's commen- 
tary illustrates the rules. 

Data: The true^ longitudes of sun, moon and its node, 
corrected by Desantara and Bhujantara, at midnight are 
respectively 5 s 15° 51' 11", 6 s 15° 7' 53" and 10 s 9° 46' 40" 
and their true motions are 59' 28", 805' 18" and 3' 11". 

To find Patamadhyakala. 

Sum of sun's and moon's longitudes = 12 s 0° 59' 4". 
Difference between this and 12 signs = 59' 4". 
Sum of sun's and moon's motions = 864' 46". 



Patadhruvakakala 



59' 4"x60 
864' 46" 



4 Ghatika 6 Vinadi 
before midnight. 



Sun's longitude at this time 
Moon's longitude 
Node's longitude 
sun's Kranti 

and moon's Sphutakranti 



= 343' 3" + 243' 39 



5 s 15° 47' 7". 

6 s 14° 12' 53". 
10 s 9° 46' 53". 
343' 3" north, 



south 



= 586' 42" south, 
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and greater than sun's Kranti. Since the moon is in the 
third quadrant, Vaidhrtamadhyakala has taken place. 

Suppose it has taken place 30 Ghatika before Pata- 
dhruvakakala. Now difference between above Krantis is 
243' 39" (Prathamaraii). 
At the time assumed, sun's longitude 

= 5 s 15° 17' 23". 
Moon's longitude = 6 s 7° 30' 14". 
Node's longitude = 10 s 9° 48' 28". 
.*. sun's Kranti = 355' north, 

moon's Sphutakranti = 181' 6"+228' 9" south 
= 409' 15" south, 

and greater than sun's Kranti. 

.'. Vaidhrtamadhyakala has taken place. 

Difference between above Krantis 
= 54' 15" (Dvitiyarasi). 
Both Prathamarasi and Dvitiyarasi show that Pata has 
taken place. 

Difference of Basis = 189' 24" (Cheda). 

.". Vaidhrtamadhyakala after first approximation 

_ 243' 39" X 30 
= 189' 24" 

= 38 Ghatika 35 Vinadi before Patadhruva- 
kakala. 

The above process should be repeated. 
At the above time, 

sun's longitude —5s 15° 8' 53". 
Moon's longitude =6s5° 35' 2". 
Node's longitude = 10 s 9° 48' 55". 
v sun's Kranti = 358' 26" north, 

moon's Sphutakranti = 134' 45" + 223' 5" south 
= 357' 50" south, 

and less than sun's Kranti. 

.*. Vaidhrtamadhyakala will take place. 
Dvitiyarasi = 358' 26" -357' 50" 
= 36". 
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Prathamarasi indicates. Vaidhrtamadhyakala has taken 
place and Dvitiyarasi the opposite. 

taking their sum 243' 39"+ 36" = 244' 15" is Cheda. 
.'. Vaidhrtamadhyakala after second approximation is 

38 Ghatika 29 Vinadi before Patadhruvakakala. 
The above process should be repeated. At the above 
time, 

sun's longitude = 5 s 15° 8' 59". 

Moon's longitude = 6 s 5° 36' 22". 
Node's longitude = 10 s 9° 48' 55". 
.-. sun's Kranti = 358' 23" north, 

moon's Sphutakranti = 135' 17'+ 223' 10" south 
= 358' 27" south, 
and is nearly equal to sun's Kranti. 

.*. Vaidhrtamadhyakala is 38 Ghatika 29 Vinadi 
before Patadhruvakakala. 



Now to find half duration of Pata. 



Sum of sun's and moon's radii 
_ 32' 42*+ 32-' 36" 
~~ 2 ' 

= 32' 39". 
.'. half duration of Vaidhrta 
_ 32' 39"x38 G 29 V 
= 243' 39" 

= 5 Ghatika 9 Vinadi. 
At 5 Ghatika 9 Vinadi before Vaidhrtamadhyakala, 
sun's longitude — 5 s 15° 3' 53". 
Moon's longitude = 6 s 4° 27' 14". 
Node's longitude = 10 s 9° 49' 11". 
.*. sun's Kranti = 360' 26" north, 

moon's Sphutakranti = 107' 29" +219' 59" south 
= 327' 28" south. 
.'. difference = 32' 58". 
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duration of first half after first approximation 

_ 32' 39" x 5 G 9 V 
" 32' 58" 

= 5 Ghatika 6 Vinadl. 



At that time, 

sun's longitude 

Moon's longitude 

Node's longitude 
.*. sun's Kranti 

and moon's Sphutakranti 

difference 



5 s 15° 3' 56". 

6 s 4° 27' 55\ 
10 s 9° 49' 1.1*. 
360' 25" north, 

107' 45"+ 220' 1" south 
327' 46" south. 
32' 39". 



duration of first half after second approximation 

32' 39"x 5 G 6 V 
= 32' 39" 

= 5 Ghatika 6 Vinadl, same as before, and is the 
correct duration. 



Now to find the duration of the second half. 



At 5 Ghatika 9 Vinadl after Vaidhrtamadhyakala, 
sun's longitude = 5 s 15° 14' 5". 

Moon's longitude = 6 s 6° 45' 30". 

Node's longitude = 10 s 9° 48' 39". 

sun's Kranti == 356' 20* north, 

and moon's Sphutakranti = 163' 6" +226' 14" south 

= 389' 20" south. 

.'. difference = 33', 

duration of second half after first approximation 

_ 32' 39*x5G9 V 
_ 33' 

= 5 Ghatika 5 Vinadl. 
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At that time, 

sun's longitude 
Moon's longitude 
Node's longitude 



5 s 15° 14' 1". 

6 s 6° 44' 35". 
10 s 9° 48' 39". 
356' 22* north, 



.*. sun's Kranti 

and moon's Sphutakranti 



162' 44*+226' 12* 



south 



difference 



388' 56* south. 
32' 34*. 



.". duration of second half after second approximation 

32' 39* x 5G5V 
~~ 32' 34* 

= 5 Ghatika 5 VinSdi, same as before and is the 
correct duration. 

As lengths of day and half night are 31 Ghatika 16 
Vinadi and 14 Ghatika 22 Vinadi respectively, Vaidhrta- 
dhruvakakala is 

31 G 16 V+(14 G 22 V-4 G 6 V) 
= 41 G 32 V after sunrise and Vaidhrtamadhyakala 
being 38 G 29 V before, is 3 G 3 V after sunrise. 

Vaidhrta begins 5 G 6 V— 3 G 3 V — 2 G 3 V before 



Vaidhrta ends 5 G 5 V+3 G 3 V = 8 G 8 V after 



sunrise. 



sunrise. 



Chapter II 

3-3. Brahmagupta finds here the correct Slghraphala 
of a planet. 

Mandaphala of a planet is calculated according to 
KU, i. 4. But this rule cannot immediately be applied 
to find Sighraphala, as the tabular Sighrakendras are not 
equal. Therefore, the increase in the last Sighraphala 
passed over should be first converted in terms of the increase 
in the next Sighrakendra to be passed over by means of 
the proportion, 

increase in last Sighrakendra : increase in last Sighraphala 
: : increase in next Sighrakendra : ? 
.■. .. or 
Bhuktagati : Bhuktagatiphalaihsa : : Bhogyagati : ?. 
The result gives Bhuktagatiphalaihsa or increase in 
last Sighraphala in terms of Bhogyagati or increase in 
the next Sighrakendra. Considering this corrected Bhukta- 
gatiphalaihsa as Gatakhanda and applying KU, i. 4, the 
correct Sighraphala is obtained. 

The following example taken from Varuna's com- 
mentary illustrates the above rule. 

Data : Mean longitudes of Mars and its Sighrocca are 
respectively 10 s 25° 1' 10" and 5 s 18° 1' 55". 

To find its true longitude. 

Sighrakendra = 6 s 23° 0' 45", 

According to KP, ii. 8-9, 
when 6K is 180°, &P is 0° 0'. 
When &K is 187°, 6P is -12° 30'. 
When 6K is 196°, &P is -25° 30'. 
When is 212°, &P is -37° 30'. 
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Subtracting 7° and 9° from 23° 0' 45", remainder is 7° 0' 46" 
and is called Vikala. 9° is Bhuktagati and 13°, the corre- 
sponding difference in Sighraphala, is Bhuktagatiphalamsa. 
The next increase in &Ighrakendra is 16° and is called 
Bhogyagati. The corresponding difference in &ghraphala 
is 12° and is called Bhogyagatiphalamsa. Then from 
9 : 13 : : 16 : ?, corrected Bhuktagatiphalamsa = 23° 6' 40". 
Half the difference of 23° 6' 40" and 12° is 5° 33' 20". 

Vikala x 5° 33' 20" rt „ 

■ r- = 2° 26' 6". 

Bhogyagati 

Again half the sum of corrected Bhuktagatiphalamsa 
and Bhogyagatiphalamsa is 17° 33' 20" t> 12°. Hence 
2° 26' 6" should be subtracted from 17° 33' 20". Thus 
Sphutabhogyagatiphalamsa is 15° 7' 14" and is also called 
Gunakara. 

.*. total &Ighraphala 

7° 0' 45" v 15° 7' 14" 
= 12° 3Q'+13°+ * 

lo 

= 32° 7' 37" and is subtractive. 

Now according to KP, ii. 18, longitude of Mars after 
first correction 

= 10 s 25° 1' 10*- J. 32° 7' 37" 
= 10 s 8° 57' 22". 
Now to find Mandaphala. 
Mandakendra of Mars (KP, ii. 6; KU, ii. 1) 

=' 10 s 8° 57' 22"— 4 s 7° ( = 3 s 20°+ 17°) 
= 6 s 1° 57' 22". 
According to KP, ii. 7, 
Mandaphala is 22' 50". 

.'. longitude of Mars after second correction is 
= 10 s 8° 57' 22"+ J (22' 50") 
= 10 s 9° 8' 47". 
Mandaphala calculated from this is 25'. 
Thus the longitude of Mars corrected thrice is 10 s 25° 
1' 10"+25' = 10 s 25° 26' 10". 



148 



khaijpakhAdyaka 



Subtracting this from &ighrocca of Mars, 6ighrakendra 
is 6 s 22° 35' 45" and ^ighraphala calculated as before is 
31° 47' 35" and is subtractive. Thus the true longitude of 
Mars is 9 s 23° 3# 35". 



Chapter TV 



1-2. In BSS, ii. 32, Brahmagupta says that the usual 
method to find the true longitudes of the sun and moon 
is to calculate first their Mandaphalas from their respective 
Madhyahnaparidhis and then apply them to their mean 
longitudes. This will, however, not give correct longitudes, 
as the measure of the Paridhi is not fixed but constantly 
changing. 

In BSS, ii. 20-21, he gives the measure of the Manda- 
paridhis of the sun and moon, when they are on the eastern 
and western Unmandala and -on the meridian. He gives 
the measure of the Paridhis when the Mandaphala is 
additive and when subtractive. In both these cases the 
difference between the sun's Madhyahnaparidhi and its 
Paridhi when on either Unmandala is 20' and the moon's 
52'. 

In BSS, ii. 22, Brahmagupta gives the rule to find the 
correct Paridhi of the sun and moon at any time. When the 
sun is on the horizon, the Natakala is 90° und 0° when on the 
meridian. Suppose at any other time the sun's Natakala 
is x°. Then fsom Jya 90° : 20' : : Jya x° : ?, the change 
in the Paridhi is obtained. This added to or subtracted 
from the sun's Madhyahnaparidhi gives its correct value 
at the given time. Similarly, using 52' instead of 20', 
the moon's Paridhi can be calculated at any given time. 



Proof of the Formula 

Sun's Mandaphalajya calculated from Madhyahna' 
paridhi 

Mandakendrajya x Madhyahnaparidhi 
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.*. Mandaphalavikala 

Mandakendrajya „ . . 900 nn 

= ^ — X Madhyahnapandhi X X 60 

— say, y. 

Now according to the rule given above, when Natakala 
is x°, the difference in degrees between Paridbi at that 
time and the Madhyahnaparidhi is 

Jyax° 



3 Trijya 



from 



Mandaphala due to the change in Paridhi is calculated. 
If it is z, 

yxJyax 

z = 



3 Trijya X Madhyahnaparidhi 
Mandakendrajya X Jya x X 192 



nearly. 



Trijya 2 
(substituting value of y) 
Brahmagupta gives 191. 

This extra Mandaphalavikala should be added to or 
subtracted from the longitude of the sun calculated from 
the Madhyahnaparidhi and the result will be corrected true 
longitude. 

The formula for the moon can be similarly established. 

Brahmagupta gives the same formula in BSS, ii. 27-28, 
which has been proved by S. Dvivedi. 

This correction is Brahmagupta's own. Bhaskara 
calls it Natakarmasamskara and follows it in Ganita- 
dhyaya, Spastadhikara, 68-69. 

Bhattotpala wrongly interprets Natakalajya as Nataka- 
lotkramajya (text, p. 204). 
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3. Following the above method extra corrections to 
sun's and moon's motions, due to the change in Paridhi, 
should be calculated and applied as indicated in this verse. 

Incidentally, it is observed that while calculating 
Jya of the motion of the sun's Mandakendra, Bhattotpala 
says that it is 2' 33" (text, p. 204), by which he means 2||. 

4. According to the ancient astronomers, 1 Angula 
is equal to 2£ irtinutes of the sun's diameter, when the sun 
is on the horizon and to 3 J minutes of the diameter, when 
the sun is on the meridian. 

To find the measure of an Angula at any time. 

Let the given time or Unnatakala "be X. When the 
sun is on the horizon, Unnatakala is zero and when on the 
meridian, it is equal to half the day. 

Thus during this time the difference in the measurement 
of an Angula is 1 minute. So from the proportion, 
Dinardha : 1 : : X : ?, the, change in the measurement of 1 
Angula is obtained. Let it be Y. 

X 

Then Y = t.. • 
Dinardha 

.*. measurement of 1 Angula at X time is 
=. 2j'+Y minutes 

lDina+- T -l+X 

minutes. 



Dinardha 

(substituting value of Y) 
3t is Dinagata, if it is forenoon and Dinasesa, if it is after- 
noon. 



Chapter V 



8-10, 12. The following examples from Varuna's com- 
mentary illustrate the rules. 



Data: Udayalagna of Agastya is 4 s 19° 4' 55* and 
Astalagna is 7 s 4° 55' 5'. 

To find Udayasurya and Astasurya. 



Assuming Udayalagna in place of sun, Lagna at 2 
Ghatika after sunrise should be calculated as given in KP, 
iii. 5. 

The remaining portion of Simha, the current Rasi, 
is 10° 55' 5" or 655' 5*. 

365 Vinadi is the time of rising of Simha in Kasmir. 

_ T 655' 5* X 365 ^ TT . 3 
Now = 132 Vinadi. 

132 > 2 Ghatika or 120 Vinadi. 

120 „ , „ 
365- 9 61 47 * 

Udayasurya = 4 s 19° 4' 55*+9° 51* 47* 
= 4 s 28° 56' 42". 
Agastya rises on the day when this is the true longitude 
of the sun. 

Now Astasurya. 

Assuming Astalagna in place of sun, Lagna at 2 
Ghatika before sunrise should be calculated. 

The passed portion of Vrscika, the current Rasi, is 
4° 55' 5" or 295' 5\ 365 Vinadi is the time of rising of 
Vrscika in Kasmir. 
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295' 5"x365 .' ■ _. . 
Now . 80Q> = 59 Vinadi. 

2 Ghatika = 120 Vinadi. 
120—59 = 61 Vinadi. 
7 S 4° 55' 5"-4° 55' 5" 

= 78." 

358 Vinadi is the time of rising of Tula in Kasmir. 

7 s _5° 6' 42" = 6 s 24° 53' 18*. 
/. Astasurya = 6 s+6 s 24° 53' 18" 
= 24° 53' 18". 

Agastya sets on the day when this is the true longitude 
of the sun. 

Udayasurya-Astasurya = 4 s 28° 56' 42"-24° 53' 18" 

= 4 s 4° 3' 24" 
= 7443' 24". 

7443' 24" 

— — — — ; : — r = 126 days. 

59' 8" (sun's motion) J 

:. Agastya will hecome visible 126 days after its 
setting or it will remain invisible for 126 days. 
Again Astasurya— Udayasurya 
= 7 s 25° 56' 36" 
= 14156' 36". 

14156' 36" njn j 
59' 8" = 240 dayS - 
.*. Agastya will set 240 days after rising or it will 
remain visible for 240 days. 

On a given day the true longitude of the sun and its 
motion are respectively 11 s 25° 34' 50" and 57' 42". 



To find when> Agastya will set. 
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Astasurya— sun = 24° 53' 18*~11 s 25° 34' 50* 
" = 29° 18' 28* 
= 1758' 28*. 
1758' 28* ' 

57 , 42 *' " = 30 davs nearl y- 

Agastya will set 30 days after the given day. 



Chapter VI 



1-3. In KP, viii. 3-4, Brahmagupta considers the 
conjunction of two planets when they have the same true 
longitude. Here he gives a better method, which gives 
results in accordance with those observed. 

He first finds the time when the two planets under 
consideration have the same longitude. Then he finds the 
lengths of their day and the number of Ghatikas elapsed 
since their rising. The longer day is called Adhikadina 
and the shorter Unadina; the number of Ghatikas passed 
in the former is called Adhikadinoditaghatika and that 
in the latter Dnadinoditaghatika. Unadinoditaghatika is 
converted in terms of Adhikadina by 

Unadina : Unadinoditaghatika : : Adhikadina : ?. 
Let the result be X. If X is greater than Adhika- 
dinoditaghatika, conjunction has taken place; if less, it 
will take place. The difference between X and Adhika- 
dinoditaghatika, is Adya. 

To find the time when this difference will be made up. 
Assume some time before or after the time when the 
planets have the same longitude. Their longitudes at 
that time are obtained and hence the lengths of their days 
and the times passed since their rising. Unadinodita- 
ghatika is converted in terms of Adhikadina and the 
difference between this result and Adhikadinoditaghatika 
is obtained. This is called Anya. 
Then from the proportion, 

Adya±Anya : assumed time : : Adya : ?, 
the time is obtained when Adya is made up. This is the 
time of conjunction before or after the moment, when the 
planets have the same longitude. 

The same method is given in BSS, ix. 22-24. Lalla 
follows it in Grahayutyadhikara, 17-19. 
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All the proofs given in the Mathematical Notes above 
are traditional Indian proofe, some learnt from my teacher 
and others based on hints given either in old Sanskrit texts 
or in commentaries. 

There are no Mathematical Notes on KP, ii, KP, viii 
and KU, iii. 
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1 

After KP, i. 22, the manuscript Dj adds the following 
(n. 3toKP,i. 7; text, p. 4). 

m\: gf^i^4^i^*'d N n ^ n 

WMTO W>T: m f^THM^M II 3 II 
< l ft^M ^14^4^ srfcre R^HId fipsTRT I 
4Hlfoj4 TO^t 3Tfrf II V || 

^=5^T ^Hlfrd*4*A qimfol*d<l'fiMI II VII 

ftm it=ft n««n<«ii: ^Wr srfcrft £P<w<wi: ii \s m 

T3W<T ^prftt srf^IT: 5T«RFn% 1 
*<^t|M H^l^ WTTfef: 11*11 

*kiPh*th r^r<^i^<i^+<yi i Ph *rt n * n 
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*trtsr wftM %^ ^ wqffch i 

*H*lfad^HI*H»' S^PTT <H««H>>d+^ II ^ II 

m Ptt>qfo i ^ ^nmf w^nfr ^ t^tr 1 i 
sfrsr ^ ^r^f wtfb^ ii ^ ii 

^ 5 ii n n 
?ffaFT trr: ^nr: fwr ^ttt i 

■ <l^»g> 5 *M$U: II ?V II 

^d ' H'MI Rdlfa FT: ^TRT d^HlRl+l I L ? K II 

f^idi 4^ ftkt ?rt*rretat fest it ^ 1 1 

-eT?M *H4 I cT«TT I 

tJiRr^sf f^n#TT 5PT^T *4*dlH4d^ II II 

grfa^fawMiy: q^rteraT i 

^rfe^FTt =ET^t?T *IHd^lfa*lKI+: It \* II 

Hlfcn>l ^T^ 5 ^: +l4wwi cRTt II H It 
?rfa*JKH?ti: ?ft«T: fltWf STO I 
tffld^Mt(M*<W^ ' TN": ^ft T^TT: II Ro ii 

cr ^l^H^t? d^l^MT qf^ftfWT 3" FT: I 

crrat d^^^Pd^ T footer spTsft "*rtfwr«rfer 1 i ^ n 

d^^r^^rnr^*^!^ i 
dir^r^d^fa : ^HK^^mkH^t n n 
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q i ^d^PM^K^^^m I 
Sc^lWI^NUi : WiT: ^fffoft ?TK: II ^ VI 

^ i bdM^iud^dlfa fc^T f^N^^r^l <|4| <|-h : II ^ II 

m\fr\ HKiiiui^+lTrl *rsmf¥ WT: ^TOT: *PTT FT: II ^ II 

^I^N HWK^lfa: WT I 
|c^T ^flj^4^dl^M^ #T II ^5. II 

*rafor dMi^r^d ^ ^rrfir ^nnif^nT n 3 % 11 
#*srr: stwf: qP<<i<*i<H: d^iHwHfefa $#<reTRTw: 1 
TJj5( *rwr «i^^+^nd*4R*r<PHRti«ii Wf H ^ H 

crt sa^ rnrrcrt PhR^ <iPuidcM*i: 1,13311 

<WHftn»« r <P^;^lf^facW 1 

*r fkmt fW- 11 3* 11 

q^fW T^FT ?rm *l*HliKf4 §#?T: II ^ II 

l^K^i ST^Tt 31^% ^Tf^TRT II 
*T ^T*ft tfoft TORTPTC: I 

m ftrt *rfe t ^tPt fen i^t n 3^ 11 
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srcran ^feT: ^Ff: f%^# ^ f^wt II II 

^ufl^^Hi 3T^3fa%ft%fc II Y^ II 
m ywq*M#lfa\X: II 

ft «rrt 5?t4?it ?r fast 1 

Trf^ ^ ^TrfW <ttl^Ktf<ilPl ^ I 
^W^HHI^I^T foqUK^fl I1WII 

ERT TO 4WK4Mt1 1IYKII 

i ^rf# I s*rr f^t ^tt: ^f^wt 1 
^fcrr *rrart twtw. iiv^ii 

?r*r 11 




ffo, flf^faw»i.*t n 
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fc||d+IH<H^dH«l tf^TCP^: I 
w?m ^T^TFTR CTof fa^l^flsHld, II ^11 

<nrfa sr^ft ?ft % ^ qfWt 1 1 1 1 

5?T: <TI"Hlfa=b £<t *t^t H^J^W: II II 
feT^ld ^KMId w N <fa fa fa n I fa d K I <-d ^ I 
^Hd^^fcd fSff^nFS ^cf W^rfw^r 1 1 K ^ 1 1 

^Mufld 3^4m4 fttct ii ii 

%D %D -O "O 

<Ek i Rh1 ' ^hR-mI MWWIc+lRl+l wfc II 103 II 



2 

D x adds the following at the end of the first chapter 
(text, p. 31). 

^M+^ll: ^l+dHM^l: I +fcntf |«*|: I 
f^pRRTO: «l<MHWI«4lfe«*l$<*li: I 
WttlHtl J£ fatddeHH Hd^^N \^<\ : 1 1 ^ II 

+<Wldl«4i: I 
spsrffar +lid+Kldi 4ilHAIK^IsiMM^M 'l 
^iRr^vt ^ M^W44MK*Wt4 ^ II 3 II 
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The following is a brief account of the contents of 
the manuscript Bh 4 . 

The contents can be divided into 7 parts. 
Part I KP, i. 1-8, 10, 15; ii. 1-5; KU, i. 2-3; ii. 1. 
Part II KP, i. 16-17; KU, i. I, 4, 5. 

In addition, there are a few &okas explaining 

how to find the sine of an arc. 

Part III KP, i. 19-24; hi. 1, 3. 

In addition, there are a few Slokas dealing with 
Gandanta, Sankranti, Muhurta and Visti. 

Part IV No Arya from K. It gives rules and examples 
to find the mean longitudes of the sun, moon 
and planets in a Paksa. 

Part V KP, ii. 6-17, 19; KU, ii. 2-3. 

Part VI No Arya from K. It gives rules and examples 
to calculate the Tithibhoga, NaksatraBhoga of the 
sun and moon, Purnima and Amavasya, and the 
times of rising and setting of the moon. 

Part VII Bhattotpala's corrections to the longitudes of 
the planets calculated according to K. These are 
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2 

The following is a brief account of the contents of 
the manuscript Bh 6 . 

The text is divided into chapters. The verses in the 
first chapter are KP, i. 1-5, 8, 10 ; KU, i. 2-3 ; KP, ii. 1-7 ; 
i. 15. 

The second chapter starts with KP, i. 16. 

Then there is a lacuna. After the tenth folio starts 
the thirty -first folio. . 

The manuscript then deals with Tithi, Dasahar, 
Agastya, Naksatras and the like. Then a few illustrations 
on Adhimasa are given. 

The manuscript breaks off after folio forty. 



3 



The following is a brief account of the contents of 
the manuscript I v 



KP, i. 1, 3-8, 10, 16, 17, 19-22; ii. 1-5, 18; iii. 3; 
KU, i. 1-5. 
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The manuscript also quotes from some other authority, 
the rules for calculating the true longitudes and motions 
of the planets and the times of eclipse. 

Besides these there are many verses dealing with 
Sankranti, Visti, Muhurta, Gandanta, Purnima, Amavasya, 
etc. 



4 

The following is a brief account of the contents of 
the manuscript I 2 . 

KU, i. 2-3; KP, ii. 1-5; i. 6-7; KU, ii. 1; KU, i. 4, 
led, 5; KP, i. 16-17; iii. 3; i. 21-23; KU, ii. 2-3; KP, 

ii. 18, 19, 10-17, 6, 7; KU, iv. 19-23; KP, iv. 1-3; v. 1-6; 

iii. 7, 6; iv. 4-5; iii. 1, 11. 

It has also most of the verses in App. I. 1. In addi- 
tion, it has some of the extra verses of group Y and some 
topics relating to Pancariga. 
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The following is an account of the contents of the 
third part of .the manuscript Bh 6 . All the references are 
toKBM. 

Verses 2-7 (KBM, pp. 22-23); verse following these 
{p. 23); 1-2 (p. 24); 1-3 (p. 43); 1 (p. 45); 1, 2ab 
(p. 46); then 

Then 1 (p. 134); 2-4 (p. 141); then 
Then 1-3 (p. 173); then 




Then 1-3 (pp. 193-194); then 
5% ^foWt^FT: 1 1 



2 



The following are the verses in the sixteenth chapter 
in the manuscript Bh 7 . 
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■^TS&*sr<M 4 l u l<H ^W*T I 
fg^WTW fefeT II ^ II 

wfM^nrpTRTT ftrt ^r^rwr^T ^tt: i i b i i 

Wterf *P?fo ^rq^HT^ «nT: II K II 

c 

ScSRWrefafo «H<r=lfa =5RnT I 
^FTmrrsRTPTf^TW^: 1 1 ^ 1 1 

■J) ^ 

^tfW^TT^^WT^^ W#f^" : I 

c 

^1%^: "T^T^f ^^FTFT ^^R: I 
^WTfssr^S': 5TT%Wt: Tf^^td+iM: II 3 II 



appendix m 



3<^ld*rd 4><dldd?bdi 

tft f¥^Tftfaf7F§*r: 1 1 ^ 1 1 

fTfd^lfdd^ld foil fa I 

q^^^^^f^T MVS II 

5^ft *TOcWf fefa flf^H i^uK^*-'^: II s II 1 1 

wiw^mrm ^t-diM^r fd: 1 1 e. 1 1 

*rdfaiH 5if^R: $dTfd" f^TcTPT II $o || 

*TT#T ^TClRldM^lfa I 
^^R^TM: Tf^TWt "HHN^"M P^d^^: I 

*m d^fcd^ d l «dfcRl trfw^ *T: II u II 
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defter MpHHd: ^flfcT WuUuH^HW: I 

^rfifrft^fa^RMw: ii ^ wmw n 
Rdifd ^TwrRrflfsOT: i 
*i^ift tar fipri^p i 

fe^^HM<^ll*0 I 
H^lfeiWH^TSM+H II \* II 

*RT^ra": ^HdVl+Ofd TOT I 
#<lPd^stR<^: ^'Wfd I 
^F^fofe^: qTrfr^mf% II H II 5#T: 1 1 



3 

The following is an account of the contents of the 
tenth chapter in the manuscript K. 

KP, i. 25; then Tfwf% etc., dcMP-d etc., cTFTT: ^rf^T 
etc., etc., =qrwfcRTT etc., HldH - -* etc. (for all n. 1 

to KP, i. 25; text, p. 29); then 

^flW<HI^^ ^S" WTT |cf WIT 1 1 

f^r£iwfq% tt*t Mid+wPr% ^r: i 

Then ^tt%^T etc., SPT^F^ etc. and <P^I&I etc. (for 
all n. 1 to KP, i. 25; text, p. 30). , 
Then KU, i. 16-18, 15. 



APPENDIX m 



169 



4 

The following is an account of the contents of the 
tenth chapter in the manuscript N 2 . 

KP, i. 25; then <fa*lftl etc., d^lPrl etc., cPFTT: ^Tf% 
etc., ^RT =5^fetc, ^TW^HTT etc., TO^t^ etc., ^>fop 
etc., ?JWt etc., Tf^T% etc. (for all n. 1 to KP, i. 25). 
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The following are the contents of the manuscript F 
after '^RT^fWT Uoo' (KBM, p. 195). 

TRTT: fi%: wfeRT fll^ir<wfdfaF<rt*|: I 

^t^t T^^rf^rfe: qrfof*TTf^T: w \ \\ 



^I<H>|RcM: y^Hl: ?R^rfT: I 

^ *ufadl ^TTT 'MilGiH II K II 

«? II I || ^ | \s || Tt | II ^ I II ?TT I ^ II 

3 I U M 5 I \o% || ?T| ^oc; M Tf | II ^ I II 

^ I W II ? I || fa| ^3 || I II fa I 

W II I || sq- | ^ || it | ^ || $ | ^X* II 

^ i ii ?r i ^ ii «r i ^ ii sr i w ii 1 n 
3 i ^% it s i ii t i ii 

^TT <<*ll+Ti*KI TOTO il&Kl: I 
^TT TSTT: ^ ^ ^TT: W ^TTTOT || ^ || 
^tRT T^frfet mm ^ST feWT #RTT: I 
W^J ^T^TT q^t fafrfofofcr^: || V3 II 






APPENDIX IV 



171 



<T3^r few: sffwr srmfe ^t^t: it * II 

<T3T%3Tt%: ^#rRTT SM'bM^^ 115.11 

?T 3" I ?° II T 3" I ^ II f 3" I V I It ? I Y I 30 II 

.it ^ i ii m s t ti 5 ^ i ^ ii 5 1 o ti *r s i \s it t i 
o ii 1 3 i ^ ii ^ ^i ^ ii ^ s t u ii ' u ^ ii 
fit ^ i ^ ii fa s t u ^3 u «r * i ? ( n ^ ^ M 1 
^oiijt^i d 'i ii «j ^oii^^i *ti ?r ^ i 
. Vi ti «r ^ t 3° ii «r s t 3^ it 5 i n $ s i ii 
^ ^ t ^ ti ^ i o n 

ir<<5RT sftwiP-d Id II %% II 
*l^lfc<|«H>4 5^ $<ffdWH ^T: II H II 
TWr^W#^rtrw: II $3 II 

TWh^Wlfe Tf%W <WM^JI <t4^<^ I 
H 'hi Pd *H I 'H\ <*i+ H + «Hh I v{ H +>6d I : II ?V II 
?T^W|^M^4^dl ^TT^rW: I 
^+YdW£^NH^<M T^T II U H 

<W iMarwil <*d ^ I 

^ fVwr «n^^|i||iiid ^ ii n 

ST^f^Tri *3^$T52TTfa^Hfd^ II ^ II 
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^Tcrf^' TOT STFTT: 5*=FFT ^^fifa": 1 1 

TO^T #^TTWt ^sM^Tfe^T II 
TT^qt ^ RiH^M^H ^Wlt: ^H>mN?1<H I 
STOlM I *rfe ^tfff: +MUlr<^faH^Hfcl L dlW^- 

f^r% i ^nr fa£mt: ui«<Ki*k*ii$tt ^ i 

^ ^H^Fw^Rfa I 

^MI^^IWI+^'W) T*TT I 

s Ml*KM«*4 ) < SPR^T^R*: I ^ I ^11 MW\^4>- 
II 4dHMI4Hkl- HI ^1 $HI£tKI ^cT: I 

^3 I ^ I || ^RWR ^^fwqWT: I 1 1 ^F^TT 
^ f*Wfe«H>W* TOT ^iPd^Pw I *3 I I ^ H 
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^ . , p . p . p -\ r- «. 

Wii ^mn wf^r q^r^KS T&TT- 
faRHM i ^ i y^ ii suhP^ji i i n 

I *\ II faPd^lld I *3 I ii ^nrff^rr I I 
*FFtftPII^<S||«li: I ^H?. II ^TffNt 



^ II 

wrfr i 5.\9 5. ii fi| ffi i| 1 4-i|l ti< <<c| i n i ^rRrcqfa- 

fTTf^r I ^Y || SpftqT WIWI^TRT <sHdm*te>HdHi 
^T*T I \X\ II TTrT^TtaWT^f ^ff^TRTW ^H: I 

^yi^u ^sr% «ft f^mr ^fht i ^ i 1 ?y i 

II ST^TT^RTKT ^lldldMI"M^IH4 ^^H^^ d i^ l ^H^ I 

y.i*?i^|o?ii ^d^iwi^n^ i rr^r <P^d' 
h^i^m^ i vsi^i^myu ir^r Tf^n# 

MfdGMHI^KrtHifl Wf% I <fH^KK *1ld^ I ?^ I KS. II 

fofteJHI*c*Klfa: I Y^ I o $ 1 1 HHa^N^frMk i qpd 37T- 

f^NI*d^HlsMfcp^+H4l-W ^ ^T dH^^ l fd l ^T f ^Y | 
KM ^ II \ I I oY | II ^ 1 ^1^1*1 
o^K^ldir^Pd I ^TT ^TferWTTf^^F^ I 

ddWIM*MM"hl*di <fT^ ^MTIM: II 
fasRd^+I^Hi favfeli i 
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^^^lf4HI^+: II ^oo II 
d^frHI^I 4 **^ TO =tl*HI4i: 1 1 

^ft ^ fr^rf^S^T ^ 1^ 'I 1 



1. This is the eighth verse in the first Act of Malatl-Madhava by 
Bhavabhuti. 
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Brahmagupta has repeated in his later treatise, 
Khandakhadyaka, some of his rules first given in 
Brahmasphutasiddhanta. Bhattotpala while writing his 
commentary on Khandakhadyaka has also quoted some 
Aryas from Brahmasphutasiddhanta. All this has been 
noted in the apparatus criticus. 

In Dhyanagrahopadesadhyaya, which constitutes the 
twenty-fifth chapter of Brahmasphutasiddhanta, there are 
some verses which are repeated in Khandakhadyaka and 
also some which are found in Bhattotpala's commentary 
and claimed by him as his own composition. A separate 
mention of all these verses is therefore made in this Appen- 
dix. 

The following is the list. 



BSS 


KP 


xxv. 16 


iii. 6 


xxv. 22 


i. 22 


xxv. 23 


i. 21 


xxv. 25 


i. 24 


xxv. 61 


iii. 1 


xxv. 64 


iii. 2 


xxv. 65 


iii. 3 


xxv. 70 


iii. 12 


xxv. 17 


KU, i. 4 



xxv. 24, 62 and 63 occur respectively on pp. 27, 19 
and 20 of the text and are claimed by Bhattotpala as his 
own. 

BSS, xxv. 66, namely, faWFcK, etc., occurs in the 
apparatus criticus on p. 87. 
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Greek Table of Chords and Indian Table of Sines 

Many Western scholars maintain that the Indian 
Table of Sines is derived from the Greek Table of Chords. 
The following is an analysis of this view. 

The earliest • reference to a Greek Table of Chords, 
giving the lengths of chords in a circle in terms of its 
diameter, is found in the commentary on the Mathematical 
Syntaxis of Ptolemy by Theon of Alexandria (fourth 
century). 1 Theon states that Hipparchus (second century 
B.C.) in twelve books calculated the lengths of the chords 
in a circle and Menelaus (first century) provided similar 
calculations in six books. 2 All these treatises are lost 
and at present there is no record which would help to 
reconstruct Hipparchus's Table of Chords in detail. 

Ptolemy's Table of Chords 

The earliest Greek Table of Chords, which is available, 
is in the Mathematical Syntaxis of Ptolemy. The .tenth 
chapter of the first book gives geometrical methods to 
construct the table and the table itself is given in the 
eleventh chapter. In the beginning of the tenth chapter 
Ptolemy proposes to arrive at the calculation by simple 
theorems, as few in number as possible. It is noteworthy 
that he does not mention whether his method of calculation 
is his own or is borrowed from the works of any of his 
predecessors. His words, «* /xaAiara SV 6\iya>v kxI twv 
avrojv dewpwdTcov , or, 'by means of simple and few theorems' 3 

1. Theon's words are 'Jc'SetKrai ptv ofo k«a 'Imrapxv v irpaypaTeta t3>v 
iv irfcta eM«£v, h /StfAiW- 'En re *al MeveMy ev s\ p. HO. 

2. The words 'iv jStflAiW are translated 'in books' by Heath; Greek 
Mathematics, II, p. 257. .... 

3. MS, I, p. 31 (all references are to Heiberg's edition in Greek). 
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suggest that the existing method of constructing the Table 
of Chords was simplified by him. 

Ptolemy divides the circumference of a circle into 360 
equal parts or degrees and the diameter into 120 equal 
parts. He chooses the number 120, because fractions of 
these parts can be easily expressed in the sexagesimal 
system. 

Ptolemy first finds the lengths of chords subtending 
arcs of 36° and 72° in the following manner. 



B 




Fig. 17 



Let ABC be a semicircle, AC diameter and centre D. 
Let DB be perpendicular to AC, E middle point of CD 
and EB joined. Let EF be equal to EB and FB joined. 

It will be proved that DF is the side of an inscribed 
regular decagon or chord subtending an arc of 36° and 
FB the side of an inscribed regular pentagon or chord 
subtending an arc of 72°. 

From the diagram, 

CF.DF+ED 2 - (CE+EF) (EF— ED)-f-ED 2 
= (EF+ED) (EF-ED)+ED 2 
= EF* 
= EB 2 
- ED 2 +DB 2 . 
.-. CF . DF = DB 2 - CD*. 
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Thus CF is divided in extreme and mean ratio at D. There- 
fore, by the converse of Euclid XIII. 9 1 and CD, the radius, 
being the side of a hexagon, DF is the side of a decagon. 

Now DF 2 +DB 2 = DF 2 +CD 2 = FB 2 
or (side of decagon ) 2 -|- (side of hexagon) 2 = FB 2 . 
But by Euclid XIII. 10, 2 

(side of hexagon) 2 + (side of decagon) 2 = (side of pentagon) 2 . 
.\ FB is the side of a pentagon. 

Now since GD, the radius, is 60?, p denoting each of 
the 120 parts of the diameter } 

ED = £CD = 30?. 
.'. ED 2 = 900. 

DB = 60?. 
DB 2 = 3600. 
/. EB 2 = 900+3600 = 4500. 
.-. EB = 67p 4' 55" 3 nearly = EF. 

DF, the side of a decagon or chord subtending an 
arc of 36°, is EF— ED or 37p 4' 55" nearly, when the 
diameter of the circle is 120?. 

Now FB 2 = DF 2 +DB 2 

= 1375.4' 15"+ 3600 
= 4975 . 4' 15". 

.*, FB, the side of a pentagon or chord subtending 
an arc of 72°, is 70? 32' 3", when the diameter is 120?. 

The side of a hexagon or chord subtending an arc 
of 60° is 60?, being equal to the radius. 

1. Euclid XIII. 9 : If the aide of the hexagon and that of the decagon 
inscribed in the same circle be added together, the whole straight line 
has been cut in extreme and mean ratio, and its greater segment is the side 
of the hexagon (Euclid's Elements, translated by Heath, III, p. 455). 

Theon proves the converse theorem in his commentary on MS, p. 181. 

2. Euclid XIII. 10: If an equilateral pentagon be inscribed in a circle, 
the square on the side of the pentagon is equal to the squares on the side 
of the hexagon and on that of the decagon inscribed in the same circle 
(Euclid's Elements, III, p. 457). 
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Now the side of an inscribed square or chord subtending 
an arc of 90°, 

= /2(radius) 2 = /7200 = 84P 51' 10" nearly. 

Again by Euclid XIII. 12, 1 the side of an equilateral 
triangle or chord subtending an arc of 120°, 

= /3(radius) 2 = /10800 = 103P 55' 23" nearly. 

Thus Ptolemy gets the lengths of chords subtending 
arcs of 36°, 60°, 72°, 90° and 120°. 

Ptolemy next observes that if x° be any arc, 
(chord x°) 2 + (chord (180°— x )) 2 = (diameter) 2 . Hence if the 
length of a chord subtending any arc is known, the length 
of the chord subtending the arc supplement to the former 
arc is also known; e.g. from chords 36° and 72°, chords 
144° and 108° are respectively known. 

Now for further calculation Ptolemy first establishes 
a lemma, which is known as 'Ptolemy's Theorem'. 

Let ABCD be a quadrilateral inscribed in a circle 
and diagonals AC and BD be joined (Fig. 18). 

It will be proved that AC . BD = AB . DC+AD . BC. 
Make L ABE equal to L BBC. 

L ABE = L DBC. 

/. L ABE+ L EBD = L DBC+ L EBD. 

.*. L ABD = L EBC. 

,\ triangles ABD and EBC are equiangular. 

.-. BD : AD = BC : EC. 

,\ BD . EC = AD . BC (1) 



1. Euclid XIII. 12 : If an equilateral triangle be inscribed in a circle, 
the square on the aide of the triangle is triple of the square on the radius 
of the circle (Euclid's Elements, III, p. 466). 
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FiO. 18 



Again triangles DBC and ABE are equiangular. 

'.' /. DB : DC = AB : AE. 

.-. DB . AE == AB . DC .. .. . . (2) 

Adding (.1) and (2) 

BD(EC rAE) = AD . BC+AB . DC 
or ' BD . AC = AD. BC+AB . DC. 

Theon in his commentary proves a particular case 
of this lemma, when the angles on each side of the diagonal 
are equal to each other, or, in other words, when Z. ABD 
is equal to Z CBD (pp. 187-188). 

Ptolemy then proceeds to establish a formula to 
find chord (x°— y°), when chord x° and chord y° are known. 
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Fig. 19 

Let ABCD be a semicircle with AD as diameter. 
Let AB and AC be two arcs of which arc AC is greater 
than arc AB. Let chords AB and AC be given. 

It will be proved that chord BC is also known. 

Join BD and CD. 

Then by the above lemma, 

AB . CD+BC . AD = AC . BD ... (1) 

Now since AB is given, BD, the chord subtending the 
arc supplement to AB, is known. 

Again since AC is given, CD, the chord subtending the 
arc supplement to AC, is known. 

AD, the diameter, is known. 

.". BC is also known. 

Thus if chords 36° and 60° are given, chord 24° is 
known; if chords 60° and 72° are given, chord 12° is known; 
and so on. 

If arc AC = x° and arc AB = y°, from (1) 
chord y° . chord (180°— x°)+ehord (x°—y°) . chord 180° 

= chord x° . ohord (180°-y°) 
or chord (x°— y°) . chord 180° 

= chord x° . chord (180°-y°)-chord y° . ohord (180°- x°). 

[This is equivalent to 

sin (A— B) =*sin A cos B— cos A sin B]. 
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Ptolemy then finds a formula giving the length of the 
chord subtending half the arc when the length of the chord 
subtending the whole arc is known. 




Fig. 20 



Let ABC be a semicircle with AC as diameter. Let 
BC be any arc and length of chord BC be given. Let D be 
the middle point of arc BC. Let AB, AD, DB and CD be 
joined. Let AE be equal to AB. Let ED be joined. Let 
DF be perpendicular to AC. 

It will be proved that CF = £(AC-AB). 

Triangles ABD and AED are congruent. 
,-. BD = ED = CD. 
So right-angled triangles CDF and EDF are congruent. 

.-. CF = EF 

= -|\EC 

= i(AC-AE) 
= i(AC-AB). 

Now since chord BC is given, AB, subtending an arc 
supplement to arc BC, is also known. CF is also known. 

Now since in right-angled triangle ADC, DF is per- 
pendicular from D on AC, 

AC . CF = CD 2 . 

But AC . CF is known; so CD 2 is also known. 
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If arc BC = x°, 

x ° , 

chord -2 = /AC.CF 

= /AC . £(AC— AB) 
= l\ (chord 180°) . (chord 180°-chord (180°— x°)). 

This is equivalent to sin ^ = /£(1— cos A)j . 

By means of this formula, from chord 12°, chords 6°, 
3°, l\° and f axe calculated. 

As Ptolemy intends to construct a Table of Chords 
beginning from chord |° and increasing by he has now 
to find chord £° and a formula to give chord (x 4-| ), when 
chord x° is known. He finds it in the following manner. 




Fig. 21 



Let ABCD be a circle with AD as diameter and F as 
centre. Let AB and BC be two consecutive arcs and let 
chords AB and BC be given. 

It will be proved that chord AC is known. 

Draw the diameter BFE and join BD, CD, CE and DE. 
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Since BCDE is an inscribed quadrilateral, by Ptolemy's 
Theorem, 

BD . CE — BC . DE+BE .CD . . . . . . (1) 

Now since chord AB is known, chord BD and hence 

chord DE are known. Again since chord BC is known, 

chord CE is known. So from (1) chord CD is known. Thus 

chord AC is known. 

Now if arc AB = x°, arc BC = y° and arc AC = 

x°+y°, (1) can be written as 
chord (180°-x°) . chord (l80°-y°) = chord'x . chord y° 
+ chord 180° . chord (I80°-x°— y°) 

or chord 180° . chord (180°-x°-y°) 

= chord ( 1 80° - x°) . chord ( 1 80° -y°)- chord x° . chord y°. 

Theon in his commentary proves also the case when 
arc AB and arc BC are together greater than 180° (p. 195). 

Now Ptolemy finds the value of chord 

First he proves the theorem that of two unequal 
consecutive chords in a circle, the ratio of the greater to the 
less is less than the ratio of the greater arc to the lesser arc. 




D 

Fig. 22 
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Let ABCD be a circle in which AB and BC are two 
chords such that BC is greater than AB. 

r .,1 , j 4.1. * BC arc BC 

It wiU be proved that ^ < • 

Bisect Z ABC by BD. Join AC meeting BD in E and 
join AD and CD. 

Now since Z ABD = L CBD, 
arc AD = arc CD. 
chord AD = chord CD. 
Since BE bisects Z ABC, 
BC _ CE 
AB = AE 
Since BC > AB, 
.-. CE > AE. 
Draw DF perpendicular to AC. 
It is evident that AD > ED > FD. 
So a circle with D as centre and ED as radius will cut 
AD in G and DF produced in H. 

EF triangle EDF 



Now 



AE triangle ADE 
sector EDH 
sector GDE 

Z EDH 



< 



< Z GDE 
by componendo 

AF Z ADF 
AE < Z ADE ' 
2 AF 2 Z. ADF 
AE ■ < . Z ADE " 

AC Z ADC 
AE < ZADE' 
AC— AE Z ADC- ZADE 
AE < . ZADE 
CE Z CPE 
AE < Z. ADE 
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Since 



BC CE 
AB ~* AE 

BC ZCPE 
AB < ZADE 

arcBC 



< 



arc AB 




Now let ABC be a circle in which AB and AC are two 
chords. Let AB first subtend an arc of f and AC that of 1°. 
By the previous theorem, 

chord AC 1 
chord AB < 1 * 

.'. AC < ~ AB. 

But by previous calculation, AB or chord |° is P 47' 8*. 
So AC or chord 1° < \ . (r° 47' 8" 
< l p 2' 50". 
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Now suppose AB subtends an arc of 1° and AC subtends 
an arc of 



But by previous calculation AC or chord is 
l p 34' 15". 

SoAB > fAC 

> l p 2'50". 

or chord 1° > l p 2' 50". 

Thus chord 1° > l p 2' 50" and < l p 2' 50". 

So chord 1° = l p 2' 50" nearly, 

and chord \° = 31' 25" nearly. 

It is easy to see that with the help of these propositions, 
Ptolemy was able to construct a Table of Chords subtending 
arcs from \° to 180°, the interval being 

This table is given in the eleventh chapter. 2 It 
consists of three columns. The first column gives the arcs 
and the second column gives the lengths of the corresponding 
chords. The third column gives of the differences 
between two consecutive chords. The lengths of chords 
intermediate between the chords tabulated are derived by 
simple proportion. 

From this table the value of n according to Ptolemy 
can be calculated. 

The length of the circumference 



or 



Then 



AC li 
l AB < 1 

- AC < | AB. 



= 360 . chord 1° 



= 360 . l p 2' 50' 



1. MS, I, pp. 32-47. 

2. MS, I, pp. 48-63. 
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and the diameter is 120 p . 
So 7T = 3 . l p 2' 50" 

= 3 P 8' 30" 

8 30 



3+: 



60 1 3600 
= 31416. 

This is the account of the Table of Chords as found in 
MS. ; 



Definitions of Sine, Cosine and Versed 
Sine in Indian Works 

C 




Fio. 24 



In this diagram E^, OFj and AI\ are respectively 
the Jya, Kotijya and Utkramajya of arc AE X . Similarly, 
E 2 F 2 , OF 2 and BF 2 are Jya, Kotijya and Utkramajya 
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respectively of arc AE 2 . And so on. The radius or Jya. 90° 
is Trijya. 

Jya is, therefore, radius multiplied by modern sine; 
Kotijya is radius multiplied by modern cosine; Utkramajya 
is radius multiplied by modern versed sine. 



Aryabhata's Table 

The Indian Table of Jya with reference to the impor- 
tant astronomical works, namely, Aryabhatiya of Aryabhata 
(fifth century), Pancasiddhantika of Varahamihira {sixth 
century), Brahmasphutasiddhanta of Brahmagupta (seventh 
century), modern Suryasiddhanta 1 and Siddhantasiromani 
of Bhaskaracarya (twelfth century) will now be discussed. 

In AB, Dasagitika, 10, Aryabhata gives a table of 
differences of the Jyas of consecutive arcs of a quadrant 
of a circle ranging from 3° 45' to 90°, at intervals of 3° 45' 
or 225'. They are respectively 225, 224, 222, 219, 215, 210, 
205, 199, 191, 183, 174, 164, 154, 143, 131, 119, 106, 93^ 
79, 65, 51, 37, 22 and 7, when the radius of the circle or 
Jya of an arc of 90° is 3438 units. Hence Jyas of arcs 
of 3° 45', 7° 30', 11° 15', etc., are respectively 225, 449, 
671, 890, 1105, 1315, 1520, 1719, 1910, 2093, 2267, 2431, 
2585, 2728, 2859, 2978, 3084, 3177, 3256, 3321, 3372', 
3409, 3431 and 3438. 2 



1. The original author of this work is not known. The work existed 
before Varahamihira, who introduced in itr the epicyclic theory and 
gave a short summary of it in PS. Interpolations were made by one or 
more later astronomers, whose names are, however, not known. Professor 
Sen Gupta has proved that the composite work, as it is found today, 
may date from the fifth to the eleventh century (SS, translated by Burgess, 
Introduction, pp. vii-xliii). Thus SS, in its present form, is not the 
earliest extant work on Indian astronomy as has been assumed by some 
scholars while trying to prove Greek influence on Indian mathematics 
and astronomy. 

2. Referetices are to AB edited by Kern, unless otherwise stated. 
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Aryabhata's First Method 



In AB, Ganitapada, 11, Aryabhata gives a geometrical 
method for constructing the table. His words are 



Or, ' One must divide a quarter of the circumference of a 
circle into triangles and rectangles. Thus will be obtained 
the required Jyas of arcs of equal lengths, when the radius 
of the circle is given.' 

It is not difficult to prove this geometrically as both 
Brahmagupta and Bhaskara have suggested the method .J 



Let be the centre of a circle with 3438 units as 
radius. Let are AB be 90° and AB joined. Then since 

1. BSS, xxi. 19-21 ; S$, Goladhy&ya, Chedyakadhik&ra, 2-6. 




B 




A 



Fig. 25 
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OA and OB are 3438 units each, AB = /20A 2 = 4862. 
If OD is drawn perpendicular to chord AB bisecting it 
at C, AC or Jya 45° is 2431. 

OC is Kotijya 45° and is also 2431 and CD its Utkrama- 
jya, is 3438-2431 or 1007. So if AD is joined, AD 
= /AC 2 +CD2 or 2631. 

If OF is drawn perpendicular to AD bisecting it at E, 
AE is 1315 nearly or Jya 22£° is 1315. 

Now if FG and FH are drawn perpendiculars to OA 
and OB respectively, FG is Jya and FH Kotijya of 22£°. 
Thus FH = /OF2^-FG*= /34382-1315* or 3177. Again 
Kotijya 22£° is the same as Jya 67|°. Thus Jya 67£° is* 
3177. 

It is now clear that from the triangle ACD drawn 
in the quadrant AOB, Jya 45° is calculated. Again from 
the triangle AEF, Jya 22£° is calculated and from the 
rectangle OGFH, Jya 67^° is calculated. 

If arc AB is 60°, AC or Jya, 30° will be 1719. 

In this way, following the above method from Jya 
90°, Jyas 45°, 22£° and 67|°, 11J° and 78f° are calculated. 
Again from Jya 30 p , Jyas 60°, 15° and 75°, 7J° and 82£°, 
3|° and 86£° are calculated. From Jya 75°, Jyas 37|° 
and 52£°, 18f° and 7l£° are calculated. From Jya 52|°, 
Jyas 26J° and 63|° are calculated. Then from Jya 82£°, 
Jyas 41J° and 48|° are calculated. Lastly, from Jya 67J°, 
Jyas 33|° and 56J° are calculated. 

The method is not certainly identical with that given 
by Ptolemy and is definitely more simple. 

Paramesvara and Nilakantha also suggest this method 
in their respective commentaries. 1 



1. AB, edited by Kern, pp. 27-30; AB, edited by Sastri, I, pp. 43-45. 
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The table below gives Aryabhata's values and those 
calculated by following his method. 



Ares Aryabhata's Calculated 

Jyas Jyas 

3° 45' 225 225 

7° 30' 449 449 

1 341 

11° 15' 671 -V- = 6704 

2 2 

1 779 

15° 0' 890 889 * 

18° 45' 1105 1105 

2631 

22° 30' 1315 -y- = 1315$ 

3042 

26° 15' 1520 -—- = 1521 

30° 0'. 1719 1719 

3821 

33° 45' 1910 = 1910* 

2 2 

37° 30' 2093 2093 

41° 15' 2267 2267 

45° 0' 2431 2431 

48° 45' 2585 2585 

52° 30' 2728 2727 

56° 15' 2859 2859 

60° 0' 2978 2977 

63° 45' 3084 3084 

67° 30' 3177 3177 

71° 15' 3256 3256 

75° 0' 3321 3321 

78° 45' 3372 3372 

82° 30' 3409 3409 

86° 15' 3431 3431 

90° 0' 3438 > 3438 
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While calculating the values, a fraction less than | is 
neglected. Aryabhata does not appear to have followed 
this rule strictly and hence his adjustment. Wherever 
Aryabhata's value differs from the calculated value, the 
former is used to calculate the next Jya. 

Clark translates the above verse of Aryabhata as 
follows. 

* One should divide a quarter of the circumference of a 
circle (into as many equal parts as are desired). From 
the triangles and quadrilaterals (which are formed) one 
will have on the radius as many sines of equal arcs as are 
desired.' 

Then he comments, 'The exact method of working 
out the table is not known. It is uncertain what is intended 
by the triangle and the quadrilateral constructed from 
each point marked on the quadrant.' 1 

Rodet gives the following translation. 

'Divisez (en parties aliquotes) le quart de la circon- 
ference au moyen d'un triangle et d'un quadrilatdre, vous 
aurez sur le rayon toutes les demicordes d'arcs que vous 
voudrez.' 

Then Rodet comments, 'Aryabhata prescrit de partager 
le quart de la circonference, en parties egales, de mener 
par chaque point de division une parallele au rayon qui 
passe par l'origine des arcs, laquelle partagera le quadrant 
en un triangle et un trapeze mixtilignes, et decoupera sur 
le rayon qui termine le quadrant, rayon normal a celui 
de l'origine des arcs, une longueur egale au sinus de l'arc 
qu'on aura pris.' 2 



1. AB, .translated by Clark, p. 28. 

2. 'Lemons de Calcul d' Aryabhata', Journal Asiatique, XIII, 1879, 
pp. 399, 411-412. 
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This comment is illustrated by the following diagram. 



A 




Fig. 26 

AB is the quadrant of a circle divided into equal arcs 
BC, CD, etc. CE, DF, etc., are lines parallel to OB and 
divide the quadrant into triangles and trapeziums. EO, 
FO, etc., represent the sines of arcs BC, BD, etc. 

Kaye's translation is similar to that of Rodet. His 
comment is that the rule is 'obscurely expressed' and is 
'difficult to translate'. 1 

It appears that Clark, Rodet and Kaye did not get 
a clear idea of Aryabhata's method. 



Akyabhata's Second Method 

In the next verse, Ganitapada, 12, Aryabhata gives 
another rule to construct a table of Jyas. He says 

Or, 'The difference between the first Jya (that is, 
the Jya of the first arc of 225', which is also the first 

1. 'Notes on Indian Mathematics*, JPASB, New Series, IV, 1908, 
p. 123. 
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difference in the above table) and the second difference 
(as given in the above table) is equal to the quotient 
obtained from dividing the first Jya, by itself. The 
remaining differences in the table (that is, the numbers 
222, etc.) are obtained by subtracting from the previous 
difference, the quotient obtained from dividing the sum 
of all the tabular differences beginning from the first to 
the previous difference by the first Jya.' 

What he means is this. 

225, the first difference, is first Jya or Jya 225'. 
224 is the second difference. 

225 

Now 225-224 = 1 = — . 

225 

225+224 

222, the third difference = 224 — — nearly. 

225+224+222 

219, the fourth difference = 222 

nearly. 

And so on. 

The rule is very briefly expressed and the translation 
of the verse is difficult. The interpretation by different 
scholars is given below. 

Sen Gupta's translation gives the same form to the 
rule. 1 

Clark closely follows Paramesvara's commentary. 
His translation is as follows. 

'By what number the second sine is less than the 
first sine, and by the quotient obtained by dividing the 
sum of the preceding sines by the first sine, by the sum 
of these two quantities the following sines are less than 
the first sine.' 2 

Clark's further comment is that the first sine always 
means 225 and the second sine means any particular sine 



1. 'The Aryabhatiyam (Translation)', JDL, XVI, 1927, p. 18. 

2. AB, translated by Clark, p. 29. 
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with which one is working to calculate the following sine. 
Thus the rule will mean 

224 = 225- ^225-225+||^j , 

222 = 225- ^225-224+^ nearly, 
and so on. 

Ayyangar's translation is given below. 

'Each of the sine-differences is less than the first 
sine by (two quantities), the difference between the first 
sine and the preceding sine-difference (called the Dvitlya 
sine-difference) as well as by the quotient obtained by 
dividing (the sum of) all the preceding sine-differences 
by the first sine.' 1 

That is, if A i, A 2 > • • • are sine differences, 

h A t 

Ar+i = Ai— (Ai— A r )— ■ i - — 
i A t 

or A r -A r+1 =-i— • 
Ai 

Naraharayya's translation is as follows. 

'The first sine being divided by itself and quotient 
obtained, the same first sine together with the same minus 
the quotient is the second sine; and the other sines are 
obtained by successively subtracting the sum of all the 
quotients from the first sine and adding the results succes- 
sively to the last of the already obtained sines.' 2 



1. 'The Hindu Sine Table', JIMS, XV, 1923-24, p. 121. 

2. 'Notes and Questions', JIMS, XV, 1923-24, p. 113. 
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Thus the rule means that if S r is the r th sine and Q r is 
the r th quotient in the successive divisions, 

51 = 225, 

5 2 = S 1 +(225-Q^ 

5 3 = S 2 +(225-Q 1+ Q 2 ), 



S r = S r _ 1 +(225-Q 1 +Q 2 + . . . +Q r _ x ). 

Rodet does not translate the first part of the verse. 
The second part is translated as follows: 

'Les differences sont diminuees des quotients successifs 
(des sinus) par le premier sinus.' 1 

Then he comments that if Si = sine 225', A„ the n th 
difference, then the rule gives 

S a 

A n +i — A n — • 

Kaye translates the verse in the following manner. 

'If the first and second be bisected in succession, the 
sine of the half chord is obtained. 

'The differences are diminished by successive quotients 
by the first sine.' 2 

Nilakantha in his commentary on this verse explains 

the rule as follows. 

225 = Jya 225'. 

224 = Jya of second arc 225' 

225 

= 225 - 225* 

222 = Jya of third arc 225' 

225+224 
= 224 (225-224). 

219 = Jya of fourth arc 225' 

= 222 _w±H!? (235 _ 224) . 



1. 'Lemons de Calcul d' Aryabhata', Journal Asiatique, XIII, 1879, 
pp. 399, 413. 

2. 'Notes on Indian Mathematics', JPASB, New Series, IV, 1908, 
P- 123. 
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And so on. 1 

An examination of the above renderings shows that 
though they are differently expressed by different transla- 
tors, the rule, according to all the translations, ultimately 
emerges as follows. 

If Di, D 2 , D s , etc., are the sine differences in the table 
and Si is the first sine or sine of arc 225', then 

_ D 1 +P 2 + • ■ . . +Dr 

Proof of Aryabhata's Second Rule 

The question now arises how Aryabhata established 
this rule. Paramadlsvara's commentary does not suggest 
any proof. 

Playfair was the first to suggest a proof. It is as 
follows. 

If A, A+D, A+2D are 3 arcs of a circle in arithmetical 
progression, then 

sin (A+D) sin D 2 

sin A+sin (A+2D) ~~ sin 2D 

1 

= 2 cos D * 

.'. sin (A+D) . 2 cos D = sin A+sin (A+2D) 

/ D 
or sin (A+D) (2—4 sin 2 

= sin A+sin (A+2D) 
D 

or 2 sin (A+D)— 4 sin 2 j . sin (A+D) 

= sin A+sin (A+ 2D). 
.*. sin (A+2D) = sin (A+D)+sin (A+D) 

—sin A— 4 sin 2 — sin (A+D). 

1. AB, edited by Sastri, I, p. 46. 

2. This property was discovered by Vieta in Europe in the sixteenth 
century. 
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Now if the three arcs are denoted by A, A' and A", 
then sin A" = sin A'-f(sin A'— sin A) 

—4 sin 2 ^ .sin A'. 

If sin A', sin A and sin 2 5 are known, sin A" is known. 
When A = 0, 

sin A" = 2 sin A'— 4 sin 2 — . sm A . 

To begin the Indian Table it is necessary to know 
3° 45' 

sin 3° 45' and 4 sin 2 — ^— • 

According to the Indians, sin 3° 45' = 225'. Supposing 
they assumed 

. D . OTN 

4 sm 2 — = sin 2 D 

= sin 2 3° 45' 

,2 



_ / 225 V 

~" \3437-5j 



then the constant factor is 233.4 nearly. 

. At sinA' 1 
So sin A" — sin A'+(sin A —sin A)— * 

Delambre suggests the following proof. 
Let A— D, A, A+D be three arcs in arithmetical progression. 
Now sin (A— D) = sin A cos D— cos A sin D 

— sin A ^1—2 sin 2 ^ —cos A sin D, 

sin A = sin A 
and sin (A+D) = sin A cos D+cos A sin D 

= sin A ^1— 2 sin 2 ^+ cos A sin D. 

D k . ^ 

So sin A-r-sin (A— D) = 2 sin A. sin 2 77+cos A sm D 



1. Delambre, I, p. 461. 
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andsin(A-fD)— sin A = —2 sin A, sin 2 -^-f cos A sin D. 

4* 

;. sin (A +D)— sin A— sin A+sin (A— D) 

= —4 sin A. sin 2 ^ 
A 

D 

= —sin A . 4 sin 2 — 

= —sin A (chord D) 2 
= -sin A (2 sin 1° 52' 30") 2 
(when D = 3° 45' = 225') 

= —sin Ax -00428255 

sin A 
= ~ 233-506 * 

Thus instead of getting the constant factor ~z , as 

Aryabhata obtained, Delambre gets 233I5Q6 b y USU1 S tne 
modern value of sine 1° 52' 30". 1 

Delambre's comment on the construction of the Indian 
Table by this method is 

'Cette m^thode est curieuse; elle indique un moyen de 
calculer la Table des sinus au moyen de leur secondes 
differences. ' 

He continues, *Ce procede differentiel n'avait 6te 
jusqu'ici employe* que par Briggs, qui meme ignorait que Ie 
facteur constant fut le carre de la corde de AA ou de 
l'mtervalle, et qui n'avait pu le trouver que par le fait, en 
comparant des differences secondes obtenues par d'autres 
moyens. Les Indiens auront fait de meme; ils n'auront 
trouve le moyen des differences que sur une Table calculee 
d'avance par le precede" geom&rique. Voila done une 
methode dont les Indiens 6taient possesseurs, et que Ton ne 
trouve ni chez les Grecs, ni chez les Arabes. ... 

'lis auront vu que la difference seconde a 30° etait moitie 
seulement de celle qu'on voit vis-a-vis 90°; ils en auront 
conclu que les differences secondes sont entr'elles comme 



1. Delambre, I, p. 458. 
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lea sinus. II n'en fallait pas da vantage pour avoir le 
coefficient constant.' 1 

Delambre thus thinks that the constructor of the table 
was not capable of proving his rule. He could only obtain 
it empirically, by inspection of the table of sines and differ- 
ences, which had already been derived geometrically. 

It has been proved above that the table derived from 
the table of differences given by Aryabhata in AB, Dasagitika, 
10, can be constructed by the geometrical method given by 
him in Ganitapada, 11. But at the same time there is no 
evidence, whatsoever, to support that Aryabhata was not 
aware of the formulas sin (A-{-D) and sin (A— D) and did 
not use them also in the construction of his table. In 
fact, one of the methods for constructing a table of sines 
given by Bhaskara in Goladhyaya, Jyotpatti, 21-22, 
is by using the formula 



If in the proof given by Delambre, the Indian definitions 
are substituted, Aryabhata's formula will be obtained. 
This has been worked out by Singh. 2 

The formula can be established geometrically also. 
The following proof is as suggested by Newton. 



Jya (A±B) = 



Jya A X Kotijya BdbKotijya A X Jya B 
Trijya 



A 




B 



c 



k 



1 m 



Fig. 27 



1. Delambre, I, pp. 457, 459-60. 

2. 'Hindu Trigonometry*, PBMS, II, New Series, 1939, p. 87. 
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Let AB be the quadrant of a circle. Let BF, BD and 
BE be three arcs such that arc FD = arc ED. Let Fm, Dl, 
Ek be the sines of the arcs BF S BD and BE respectively. 
Let Fh and Dg be drawn parallel to BC, so that Dh is the 
difference between the sines of the arcs BD and BF and Eg 
is the difference between the sines of the arcs BE and BD. 
Let CD be joined. 

Now as ED and DF are small arcs, EDg and DFh 
may be regarded as plane triangles and the angles made 
at D by CD as right angles. So the angles EDg and CD1 
are equal and therefore the triangles EDg and CD1 are 
similar. 

So ED : Eg = CD : CI 

Cl 

or Eg^ED-^. 



Similarly Dh = ED 

.'. Dh-Eg = ED 



Cm 
CD 

lm 
CD 



Eg = Dh-ED~- 

Since the triangles CD1 and DFh are similar, 
Fh = lm 

ED . Dl 



So 



ED . lm ED 2 . Dl 



CD ~ CD 2 
/ED\a 



"Icd] 



Dl 



(when ED = 225', CD = 3438) 

225 \ 2 . 



3438/ 
1 

225 



Dl 
Dl nearly. 
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So Ek = Dl+Eg . 

= Dl+Dh— 7^ Dl, which proves 

Aryabhata's formula. 1 

Ayyangar has suggested the following geometrical 
proof of the rule. 



B 







S R 
/ < 

I P 




i 


^ \ P 





o 

Fig. 28 

Let AB be the quadrant of a circle. Let the arc 
AQ be A, arc PQ = arc QR = T>. Then arc AP is A— D, 
arc AQ is A and arc AR is A+L\ Let PR be joined. 
Let OQ be joined cutting PR in S. Draw PP' 3 SS\ QQ' 
and RR' perpendiculars to OB. 

Using the Indian definitions of sine, etc., 
sin (A+D)-sin A = OR'-OQ' = Q'R', 
and sin A— sin (A— D) = P'Q'. 
So (sin A-sin (A— D))— (sin (A+D)— sin A) 
= P'Q'-Q'R' 
= P'S'+S'Q'-S'R'+S'Q' 
= 2 S'Q\ 
(since PS = SR, P'S' = S'R') 

n SQ.OQ' 
= 2 OQ 



1. SS, translated by Burgess, p. 335. 
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(from similar triangles OQQ' and OSS') 

'-2^00'. 
- 2 0Q° Q 

Now PS . RS = (2 radius-SQ) SQ. 
So PS 2 = 2 OQ . SQ— SQ 2 . 

Chord PQ 2 = PS 2 +SQ 2 = 2 OQ . SQ. 
PQ 2 / s ^"n\2 
0Q 2 ~ V 



«o2 SQ PQ2 l^Y 
0Q~0Q 2 ~ \3438/ 



/225 \ 2 /IN 2 1 
= 13438) =\Y5) = 225 nearly ' 



when D — 225', which gives the formula. 1 

The same proof is suggested by Singh. 2 

The principles used in the geometrical demonstrations 
suggested by Newton and Ayyangar were known to the 
ancient Indians and Aryabhata might have based his rule 
on either of the proofs given above. 

Another geometrical proof of the rule is given by 
Naraharayya. 3 

Biot thinks that the Table of Sines of the Indians 
is derived from Ptolemy's Table of Chords in the following 
manner. 

Let a = 3° 45'. 

Then 2a = 7° 30'. 

Then from Ptolemy's Table of Chords, 
Chord 7° 30' = 7* 50' 54" 
= 28254". 

28254" 

Then multiplying — - — by 3438 and dividing by 

216000" the Indian sine of 3° 45' is obtained as 225, and 
so on.* 



1. 'The Hindu Sine Table*, JIMS, XV, 1923-24, p. 122. 

2. 'Hindu Trigonometry', PBMS, New Series, II, 1939, p. 86. 

3. 'Notes and Questions', JIMS, XV, 1923-24, pp. 109-110. 

4. 'The Oriental Astronomers, etc.*, Journal des Savants, July 
1859, pp. 407-410. 
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Biot's explanation is no doubt ingenious but in view 
of the rules for the construction of the Table of Sines given 
by Aryabhata, his suggestion is not necessary. 

Tannery also argues that the Table of Sines of the 
Indians was borrowed from the Greeks. He attributes 
the origin of this Table to Apollonius of Perga. Tannery's 
arguments are based on mere conjecture. 1 

Kaye also attempts to attribute a Greek origin to 
Aryabhata's rule under discussion. He deduces the proof 
from a special case of 'Ptolemy's Theorem', namely, 
ac+bd = xy, where a, b, c and d are the sides of a cyclic 
quadrilateral and x and y are its diagonals, the special case 
being when one of the diagonals bisects one of the angles 
of the quadrilateral. 2 It is very doubtful whether Ptolemy's 
MS was known to Aryabhata, whose planetary theories are 
so different from those of Ptolemy (App. VII). So Kaye's 
conclusion lacks the support of proper evidence. 

The above analysis shows that Aryabhata was familiar 
with two methods for the construction of a Table of Jyas 
and he could easily calculate them himself applying 
corrections wherever necessary and construct a table 
without looking towards Greece for support. There is 
no evidence available to prove that he could not construct 
his table independently. 



Tables in SS, BSS and SS 

SS gives a Table of Jya, which is the same as the table 
calculated from Aryabhata's table of deferences. 8 In 
the same chapter verses 15-16 give the rule. They are 

1. Tannery, pp. 61-68. 

2. 'Notes on Indian Mathematics', JPASB, New Series, IV, 1908, 
pp. 123-124. 

3. SS, ii. 17-22. 
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cTrTfsWM^rM^f ^fertwr II 
W?T fWR VR^TT ^sfk^RTT: I 

Or, ' | of a sign expressed in minutes is called the first Jya. 
The first Jya added to the difference between the first 
Jya and the quotient obtained from dividing the first Jya 
by itself is the second Jya (in the table given). Divide a 
tabular Jya already obtained by the first Jya and subtract 
the quotient from it. Add the remainder to the difference 
between this Jya and the preceding tabular Jya. The 
result gives the next Jya. Thus the twenty-four Jyas 
may be calculated.' 

The rule gives 



225 


= 225, 


449 


= 225+1 


671 


= 449— 


890 


= 671 — 



K-S)- 



449 / \ 
:+ 1 449-225 1 , 



225 



and so on. 

The actual Table of Jya given by Brahmagupta in 
BSS, ii. 2-5, differs from that derived from Aryabhata's 
table of differences, because he uses 3270 and not 3438 units 
as the radius. But Brahmagupta's table has a close 
agreement with that derived from Aryabhata's table after 
substituting 3270 for 3438. In his Khandakhadyaka, 
Brahmagupta gives another Table of Jya in which he divides 
the quadrant of a circle into arcs of 15° each. The res- 
pective Jyas are 39, 75, 106, 130, 145 and 150. Thus here 
Brahmagupta chooses 150 units as the radius (text, p. 94). 

The same Table of Jya, which would be derived from 
Aryabhata's table of differences, is given by Bhaskara 
in his S!§, Ganitadhyaya, ii. 3-6, with the exception that 
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his value for Jya 60° is 2977 while that given by Aryabhata 
is 2978. For easier calculation Bhaskara gives another 
table in the verses 12-13 of the same chapter, in which 
table he divides the quadrant of a circle into arcs of 10° 
each. The respective Jyas are 21, 41, 60, 77, 92, 104, 
113, 118 and 120. In this table, Bhaskara divides the 
radius into 120 equal parts. 



Table in PS 



Another Table of Jya is given in the fourth chapter 
of PS of Varahamihira. Here again the quadrant of a 
circle is divided into 24 arcs of 225' each but the radius 
is 120 units. 

The methods to construct this table are given in 
verses 2-5 of the same chapter. They are 

SPRT?Tjfr sprfaT 5*fteg Xm\: <T5 m\: II 

t* ^ y n *i ^\ *i ?i E f^i ^*^Ti ^ *t i^i ^ *j c t^i 

Or, 'The square of the Trijya is Dhruva or fixed. 
Its I is the square of the Jya of an arc of 30°. Subtract 
this result from the square of the Trijya. The square 
roots of both these numbers are respectively the Jyas 
of arcs of 30° and 60°. 

'To find the Jyas of the remaining arcs the following 
method is used. Double the arc, the Jya of which 
. is required. Subtract it from 90°. Find the Jya of the 
remainder. Subtract the result from the Trijya. Divide 
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it by 2 and square the quotient. Double the arc again 
and find the Jya. Divide the result by 2 and square the 
quotient. Add the first and the second results. The 
square root of the sum is the required Jya of the given 
arc. When this sum is subtracted from the square of 
the Trijya and the square root of the remainder is found, 
the result is the Jya of the complementary arc. 

'The square of the Jya of an arc of 45° is half the square 
of the Trijya. 

'Another method is given here to calculate the Jya 
of an arc. Double the given arc. Subtract it from 90°. 
Find the Jya of the remainder. Subtract it from the 
Trijya. Multiply the remainder by 60. The result is .the 
square of the Jya of the given arc. When it is subtracted 
from the square of the Trijya, the result is the square of 
the Jya of the complementary arc' 

The rule, 

Jy a x° = || Trijya- Jya (OO'-ft gy + ^agx^ 

= } jUtkramajya 2 2x°+ Jya 8 2x°, 

which gives the Jya of an arc, when the Jya of double the 
arc is known, is the same as that given by Aryabhata 
in AB, Ganitapada, 11. The particular form, in which 
Varaha gives it, can be geometrically established in the 
following manner. 




Fig. 29 
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Let AB be the quadrant of a circle and arc AC be 2x°. 
Let CD and CE be perpendiculars from C on OA and OB 
respectively. Then CD is Jya, 2x° and CE is Jya (90°— 2x°). 
Let OF bisect the arc AC meeting the chord AC in G. 
Let GH be drawn perpendicular to OA. Then arc AF is 
x° and AG is Jya, x°. 

Now, AG = Jya x° 

= /AH2+GH2 

-/ (-tM-t) 

= /(2^)V(^ 

= / (Trijya-Jya(90 o -2x°))2 (Jya^jx^ 

= I /Utkramajya 2 2x° + Jya 2 2x° 
which is the form given by Varaha. 

The above rules are sufficient to construct the table. 
The last rule 

Jya x° = /60 . (Trijya-Jya (90°— 2x°)) 



— * Utkramajya 2x c 



= j 1 ^ 1 ^ ■ Utkramajya 2x°, is an alternative 

method to calculate the Jya of an arc, when that of double 
the arc is known. This rule is not given by Aryabhata, 
but given by Brahmagupta in BSS, xxi. 23 and by Bhaskara 
in Goladhyaya, Chedyakadhikara 5. 

Bhaskara has proved it in the following manner in 
his commentary. 

Kotijya 2x° = Tri jya— Utkramajya 2x°. 

.\ Trijya 2 — Kotijya, 2 2x° 

= 2 Trijya . Utkramajya 2x°— Utkramajya 2 2x°. . 
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.'. Jya 2 2x°+Utkramajya 2 2x° 
= 2 Trijya . Utkramajya 2x°. 



.*. Jya, x° = . Utkramajya 2x°. 

Or, from the above diagram, 



(OA-OD) 2 +CD 2 



OA2-20A . OD+OD 2 +CD 2 



-/ 



20A 2 -20A.OD 



Trijya TTJ1 . n n 
Utkramajya 2x . 

Kaye says that this rule is derived from Ptolemy's 
formula 1 

chord -2 = /i (chord 180°) ((chord 180°)-chord (180°-x°)). 

The proofs given above, however, show that the rule 
can also be established independently from elementary 
geometrical or trigonometrical properties. 

Now the question arises who constructed the table 
as found in PS. The author of this astronomical treatise 
is Varahamihiraj who, according to his statement in the 
first chapter of this work, gives here summaries of five 
Siddhantas, or astronomical treatises, namely, Vasistha, 
Paitamaha, Paulisa, Romaka and Surya. But it is still 
a point of great uncertainty whether Varaha merely 
reproduced the astronomical theories of these Siddhantas 



1. 'Notes on Indian Mathematics', JPASB, New Series, IV, 1908, 
p. 124. 
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or modified them. 1 Consequently, it cannot be definitely 
stated whether this Table of Jya was constructed by one 
of the authors of the five Siddhantas or whether by 
Varaha himself. It is important to note that in all the 
three advanced Siddhantas, namely, Romaka, Paulisa and 
Surya, which diflfer from one another in their planetary 
theories, the same Table of Jya is used. So to attribute 
to Varaha the construction of this table, in order to maintain 
a similarity among the works, is not an improbable sugges- 
tion. 2 Varaha gives two rules for constructing a Table 
of Jya, the first of which was supplied by Aryabhata 
earlier. The principles on which the proof of the second 
rule is based are not unknown to Varaha. It has also 
been stated above that the Table of Jya in PS can be calcu- 
lated by either of these rules. 

Owing to the similarity of this Table of Jya to the 
Table of Chords given by Ptolemy, Thibaut and J. Burgess 
suggest 3 that the former may not have been independently 
constructed but derived from the latter. Again because 
this, table is based on a subdivision of the radius into 120 
parts and Ptolemy's Table of Chords is based on a 
subdivision of the radius into 60 parts, both these scholars 
argue that the Indian Table of Jya was possibly derived 
from Ptolemy's Table of Chords by dividing Ptolemy's arcs 
by 2 and retaining his values for the chords. 

The tables are given below. Column A gives the 
arcs; column B the Jyas of these arcs as derived from 
Ptolemy's Table of Chords; column C the Jyas as found 
in PS ; column T> the Jyas calculated by Varaha's formulas ; 



1. He appears to have recast SS with the epicyclic theory and 
borrowed the elements from Aryabhata {App. VII). He placed SS 
as the first in order of importance and then Romaka and Paulisa. 
The other two are less scientific and do not use any trigonometrical 
functions (PS, i. 3-4)- 

2. The same suggestion is made by Sen Gupta; 'Aryabhata, the 
Father of Indian Epicyclic Astronomy', JDL, XVIII, 1929, pp. 27-28. 

3. PS, Introduction, pp. 30-37 ; 'The Sines of Arcs in PS', IA, XX, 
1891, p. 228. 
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and column E gives the Jyas derived from Aryabhata's 
Table by substituting 120 for 3438. 



A 


B 


c 


D 


E 


3° 


45' 


7' 50" 54"' 


7' 51" 1 

t OA 


7' 51 "1 

1 OX 


7' 

t ox. 


7° 


30' 


15' 39" 47"' 

1U Ot7 "± 1 


iw rt\J 


lfl' 40" 


1 4.0" 

XO rty) 


11° 


15' 


23' 24" 39"' 
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1. 7' = 7 of the 120 units into which the radius is divided • 51* = — . 

60 

2. It should be 120' 0". 
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In the above calculation, fractions equal to and greater 
than \ have been considered as 1 and fractions less than £ 
have been neglected. Only the first formula has been used 
to calculate the values under column D. Some of the 
differences would disappear if the alternative formula is 
also used and the rule about the fraction is not strictly 
adhered to. 

Now an examination of the columns B, C, D and E 
shows that if there is a similarity between B and C, there 
is also a similarity between C, D and E. So Thibaut's 
and Burgess' suggestion of a Greek origin for the Indian 
table on the ground of a close similarity between this table 
and Ptolemy's Table of Chords may well be replaced by 
the suggestion that Varaha or perhaps some other Indian 
astronomer from whom Varaha borrowed, calculated this 
table with the help of the formulas given above or perhaps 
derived it from Aryabhata's Table by substituting 120 for 
3438. Even if it is assumed that the table in PS was 
derived either from Ptolemy's Table of Chords or from 
Aryabhata's Table of Jya, Thibaut and Burgess should 
acknowledge that the constructor of the table also knew 
the methods for constructing it, which are not identical with 
those followed by Ptolemy. Yet neither Thibaut nor 
Burgess, while discussing this Table of Jya, has taken 
any notice of the methods of calculating the Jya as 
given in the verses 2—5. Admittedly, the issue of the use 
of 120 units for the radius in the construction of the 
table still remains unsettled. But there is at present no 
ground to believe, as Thibaut and others do, that this 
idea of dividing the radius into 120 parts is based on 
Ptolemy's system of dividing it into 60 parts. 

Thibaut tries to strengthen his argument regarding 
the Greek origin of the table in PS by assuming that the 
fourth chapter in which it occurs belongs to Paulisa- 
siddhanta,. which is suspected of Greek influence. 1 The 



1. PS, Introduction, p. 10. 
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manuscript evidence guarantees no such assumption. The 
colophon at the end of this chapter is ffr +<«IIW4I^^: 
or, 'This is the end of the fourth chapter in Karana PS', 
and there is no indication whatsoever as to the particular 
Siddhanta the chapter belongs to. This chapter, besides 
giving the Table of Jya, contains rules to find the latitude 
of a place, the length of a shadow, the declination of the 
sun, the ascensional differences for any given latitude, etc., 
which are based on well-recognized Indian methods. There 
is nowhere else in this chapter any sign of Greek influence. 

While Thibaut and Burgess only suggest a Greek 
origin of the Table of Jya in PS, Kaye makes a definite 
statement. 1 So, without any convincing evidence, he states 
that 'Aryabhata's table of sines was reduced from Pulisa's 
table of sines, which was adapted from Ptolemy's table of 
chords.' 2 Such uncritical remarks are due partly to an 
incomplete study of and the failure to follow the vast 
Sanskrit literature on mathematics and astronomy and 
partly to an unfortunate attempt to establish a Greek 
origin for everything of value in Indian Science. 



Aryabhata's Approximation to it 

In AB, Ganitapada, 10, that is, in the verse previous 
to that giving the first rule for the construction of the Table 
of Jya Aryabhata states 

=^f^ ^MW^I &mfU*d«n ^FTRT I 

Or, '62832 is the approximate circumference of a circle of 
which the diameter is 20000.' 



1. 'Notes on Indian Mathematics', JPASB, New Series, IV, 1908, 
pp. 123-127; 'Hindu Astronomy', MASI, No. 18, p. 55. 

2. 'The Source of Hindu Mathematics', JRASGBI, 1910, p. 754. 
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„ , 62832 

From this statement it = ^qqqq = 3-1416. 

How Aryabhata arrived at this value of it has been 
suggested by Bhaskara in his commentary on Sl§, Gola- 
dhyaya, Bhuvanakosa, 52. He states that if a circle with 
10000 units as radius is drawn, and if a portion of the 
circumference less than even its hundredth part is consi- 
dered and if by the method of construction of a table 
of Jya the chord subtending this arc is calculated, the 
circumference of the circle is nearly equal to the chord 
multiplied by the number of parts into which the circum- 
ference is divided. He further adds that this is the reason 
why Aryabhata has said that when the diameter of a circle 
is 20000 units, the circumference is 62832 units. 

In his Lilavati, a mathematical treatise, .Bhaskara 
gives two formulas for the circumference of a circle. One 
is that circumference 

diameter . 3927 
= 1250 

and the other is that, it 

diameter . 22 " 

= _ 

Bhaskara also adds that the first value is more correct than 
the second. It is evident that the first value of 

3927 
77 011 1250 

is the same as that given by Aryabhata, that is, 

62832 
20000' 

Ganesa, a commentator of Bhaskara, while explaining the 
first formula, gives the following method. 1 



1. Lilavati, translated by Colebrooke, with notes by Banerji, verse 
201, pp. 115-116. 



216 



KIIAtf P AKHAD YATCA 




Fig. 30 



Let be the centre of a circle with diameter 100 units. 
Let AB be the side of a hexagon so that AB is 50 units. 
Let OC bisect the chord AB and the arc AB at C and D 
respectively. Let AD he joined. Then AD is the side 
of a dodecagon. 

Now AD = /AC 2 +CD2 

== /(^) 2+(0:D - OC)2 
= /252-f(50-/AO 2 -AC 2 ) 2 
— /25 2 + (50-/50*-25 2 ) 2 
= /673 nearly. 

Working in the same manner the perimeter of a polygon 
of 384 sides is nearly /98683 and the side of such a polygon 
is nearly equal to the arc. 
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Then from the proportion 

100 :/98683:: 1250:?, 

the circumference is 3927 units nearly. 

It is clear that the method suggested by Bhaskara is 
followed by Ganesa to prove the formula borrowed from 
AYyabhata. It is quite probable that Aryabhata also 
found the value of tt by comparing the ratio of the peri- 
meter of a polygon of 384 sides inscribed in a circle, to the 
diameter fixed by him. It was not difficult for him to 
calculate the side of a polygon of 384 sides, when that of a 
hexagon was known. He himself has supplied a rule for 
finding the length of the chord of half the arc when that 
of the whole arc is known. Thus as Ganesa has done, 
from the side of a hexagon that of a dodecagon is calcu- 
lated; hence that of a polygon of 24, of 48, of 96, of 192 
and of 384 sides are calculated in turn. 1 

This value of tt does not occur in any of the extant 
Greek works on mathematics and astronomy. The approxi- 
mation to the value of it obtained by Archimedes is 
3f > it > which he calculated by inscribing a polygon of 
96 sides in a circle and also circumscribing one of the same 
number of sides. 2 

Apollonius of Perga is said to have obtained a closer 
approximation to the value of tt, but his value is not known. 3 
Tannery imagines that a mathematician of his genius only 
could discover the correct value of tt or 31416. 4 The 
next Greek value of it on available record is that of 
Ptolemy, which is 3-1416, as said before, and differs from 
Aryabhata's value and is not such a close approximation. 

Though Aryabhata's value does not occur in any 
Greek mathematical works, it has not prevented the 



1. This method is also suggested by Sen Gupta; 'The Aryabhatiyam 
(Translation)', JDL, XVI, 1927, pp. 17-18. 

2. Greek Mathematics, I, p. 232; II, pp. 51-55. 

3. Greek Mathematics, I, p. 234. 

4. Tannery, p. 68. 
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Western scholars from saying that Aryabhata borrowed 
this value from the Greeks. Rodet's comment is that 
Aryabhata gives the value of v in the form 

62832 
20000 

and not in the simple form 

3927 
1250 ' 

He continues that use of 10000 units, a myriad, as the 
radius, is surely an argument in favour of the Greek 
origin of the above expression, because the Greeks were 
the only people, who used myriad as the unit of 
the second order.i The arguments put forth by Rodet 
are correct as far as the facts go, but the conclusion 
is far-fetched. A possible reply to the question why 
Aryabhata gives the value in that form and not in a simpler 
form, has already been given by Nilakantha, the com- 
mentator. This writer has pointed out that it is much 
easier to calculate with 20000 than with 1250 and also 
the circumference 62832 can be divided up to 16 parts 
without any fraction. 2 Moreover, Rodet himself states 
that according to Alkhwarizmi, the Arabian mathematician, 

62832 
20000 ' 

the value of tt is due to Indian astronomers. 3 

Rodet's suggestion is made into a definite statement 
by Heath, who, however, does not adduce any evidence. 4 

Kaye is also of opinion that the value of tt as given 
by Aryabhata is borrowed from the Greeks. His argument 



1. 'Lecons de Calcul d' Aryabhata', Journal Asiatique, XIII, 1879, 
p. 411. 

2. AB, edited by Sastri, Part I, p. 42. 

3. 'Logons de Calcul d' Aryabhata', Journal Asiatique, XIII, 
1879, p. 411. 

4. Greek Mathematics, I, p. 234. 
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rests on a statement made by Alberuni. The latter quotes 
the value of tt as 

177 
3 1250 

according to Pulisa.i This is obviously the same as that 
given by Aryabhata, when reduced to its lowest terms. 
On this statement Kaye maintains that as Pulisa 'was 
possibly one of the first to introduce some of the 
elements of Greek astronomy into India', this value 
of tt must have come from Greece * Kaye draws his 
conclusion without noticing that the Paulisasiddhanta 
from which Alberuni makes his quotations throughout his 
India is not the same as the Paulisasiddh&nta in PS, 
which is supposed to have been influenced by the Greek 
astronomical elements. Alberuni did not see Varaha's PS 3 
and the Paulisasiddhanta in his possession is clearly 
a later recast of that in PS with Indian astronomical 
elements. Alberuni also was not in possession of any work 
of Aryabhata. 4 Moreover, a critical study of Alberuni's 
India shows that his statements with regard to the Indian 
mathematicians and astronomers are not always reliable 
and theories cannot be propounded on the basis of this 
work alone. 

Thus at present there is no evidence to prove that 
the value of tt given by Aryabhata was not deduced by him. 

Now the length of the radius used by him in con- 
structing the Table of Jya is obtained from the relation 

circumference 
radius = 2x 3-14l6 

360x60 



2x3-1416 
= 3438. 



1. AI,I, p. 168. 

2. 'The Source of Hindu Mathematics', JRASGBI, 1910, p. 754. 

3. AI, I, p. 154. 

4. AI, I, p. 370. 
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Eodet also has noted it. 1 

Ranganatha states that the proportion 
3927 : 1250 : : 21600 : ?, gives the radius as 3438 units.* 

It is also interesting to note that the division of a 
quadrant into 24 arcs is based on an ancient tradition 
attributed to &akalya, who states ^rTFT N<iu | «mV) ^t<?- 

3 ^ : or, '^V of a circle appears like a straight line'. 3 

Conclusion 

The comprehensive analysis given above may be 
briefly summarized as follows. 

1. There are references to works of the Greek 
mathematicians, Hipparchus and Menelaus, on calculation 
of lengths of chords in a circle in terms of its diameter, but 
these works are not available at present. 

2. The earliest extant Greek Table of Chords is in 
the Mathematical Syntaxis of Ptolemy, who also gives 
methods to construct this table by means of simple geo- 
metrical theorems. 

3. The first mention of the trigonometrical functions 
of sine, cosine and versed sine is found in the Indian 
astronomical works. 

4. Aryabhata in his AB gives a Table of Jya and two 
alternative methods, different from those given by Ptolemy, 
for its construction. There is at present no evidence to 
show that he did not construct the table independent of 
Greek help by means of the methods he recommended. 

The value of tt given by him is 3-1416 from which 
it follows that the radius, in the construction of the Table 
of Jya, is divided into 3438 parts. This correct value 
of 77 does not occur in any of the extant Greek mathematical 
and astronomical works. Bhaskara has. described how 



1. 'Lesons de Calcul d' Aryabhata', Journal Asiatique, XIII, 1879, 
p. 413. 

2. SS, edited by Hall, p. 67. 

3. SS, edited by Hall, p. 67. 
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5ryabhata could have discovered this value. Consequently, 
there is no reason to imagine that Aryabhata borrowed 
it from, some Greek author whose work is lost and 'whose 
name we do not know'. 1 

5. Similar Tables of Jya are given by Lalla, and the 
author of the modern SS, and Bhaskara. Lalla does not 
give any method for constructing the table. The author 
of SS gives the second method recommended by Aryabhata. 
Bhaskara suggests several methods with proofs for calcu- 
lating the Jyas. 

6. Brahmagupta gives a table in his BSS, where 
the radius is 3270 units. He also gives methods for its 
construction. 

7. Another Table of Jya with 120 and not 3438 
units as the radius occurs in PS of Varahamihira. Nothing 
definite can be said as regards the originator of this table. 
It is quite probable that Varaha himself constructed it. 
He gives two methods and the Table of Jya calculated 
by these methods closely agrees with that given in PS. 
The works used to edit PS are themselves faulty in 
manuscription and the editors have in many cases emended 
the values of this table. 

Except for some agreement between this Table of 
Jya and Ptolemy's Table of Chords there is nothing to 
justify the suggestion of the Western scholars that this 
table was derived from Ptolemy's Table of Chords. There 
is bound to be an agreement between two tables of sines 
though constructed independently. 

In conclusion it can be stated that an impartial and 
critical study of the literature so far available does not 
establish Aryabhata's indebtedness to the Greeks regarding 
the construction of a Table of Jya. 



1. Greek Mathematics, I, p. 234. 
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Geometrical Interpretation oe the Motion oe the 
Sun, Moon and the Five Planets as eottnd in the 
Mathematical Syntaxes of Ptolemy and in the Ancient 
Indian Astronomical Works 

A detailed chronological study of the achievements 
of the ancient Indians in mathematics and astronomy 
is very difficult, because so many of their ancient works, 
references to which are found in their later literature, are 
lost and also because the dates of some of the old extant 
works are still objects of dispute. The subject, however, 
has been unnecessarily made more complicated by those 
scholars, who in their exaggerated admiration for the 
Greek mathematicians and astronomers have tried their 
utmost to establish an ultimate Greek origin for practically 
everything that is found in the Indian mathematical and 
astronomical works. Consequently, it is their firm belief 
that the planetary system of the Indians represented by 
the epicyclic and eccentric methods is bodily borrowed 
by them from the Greeks. The object of this thesis is to 
discuss to what extent this view is tenable, with special 
reference to the Mathematical Syntaxis of Ptolemy, the 
famous Alexandrian astronomer of the second century and 
to the great Sanskrit classics on mathematics and astro- 
nomy, namely, Aryabhatiya of Aryabhata (fifth century), 
Pancasiddhantika of Varahamihira (sixth century), Brahma- 
sphutasiddhanta of Brahmagupta (seventh century), ^isya- 
dhivrddhida of Lalla (eighth century), Siddhantasiromani 
of Bhaskaracarya (twelfth century) and Suryasiddhanta. 1 

1. The original author of this work is not known. The work existed 
before Varahamihira, who most probably introduced in it the epicyclic 
theory and gave a short summary in PS. Interpolations were made 
by one or more later astronomers, whose names are, however, not known. 
Professor Sen Gupta has proved that the composite work, as it is found 
today, may date from the fifth to the eleventh century (SS, translated 
by Burgess, Introduction, pp. ix-xliii). 
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Motion of the Sun according to Ptolemy 

Ptolemy devotes the third book of the MS to the 
motion of the sun. According to him the solar year 

consists of 365J— = 365-24666 . . . days, and conse- 

quently, the sun's mean daily motion is 59 1 8 H 17 Ui 13 iv 
12 v 3F 1 , expressed in sexagesimal fractions. In the second 
chapter he gives tables of the sun's mean hourly, daily, 
monthly and yearly motions and also a table of its mean 
motion in 18 years. In the third chapter he defines the 
epicyclic and eccentric methods. He says that the motion 
of the universe westward and that of the planets eastward 
are uniform and circular. 1 Any irregularities in the motion 
are only apparent and are due to the position and order 
of these circles in their respective spheres. This apparent 
variation can be explained by either of the two simple 
and primary hypotheses. If it is assumed that the motion 
of a planet, as observed from the centre of the universe, 
where the earth is supposed to be, takes place in the plane 
of the ecliptic, concentric with the universe, then, either 
its circle of uniform motion is not concentric with the 
universe or it is concentric but the planet itself moves on 
another circle carried by it and called epicycle. This will 
be clear from the following diagrams. 
First the eccentric system. 

Let ABCD (Pig. 31) be the circle in the plane of the 
ecliptic and concentric with the universe, with centre 
as E, which is the centre of the earth. Then if the 
motion, of a planet as observed from E is along the circle 
ABCD, the centre of the circle of its uniform motion is 
not at E but at F, a point on the diameter AEC and 
the circle of uniform motion is GHK equal to the circle 
ABCD. 



1. In the original Greek the words are, 'o/naAai fiiv eiaiv naaai ical 
iyKVK\toi Tg <f>vazi (Mathematical Syntaxis or MS, I, p. 216).. 
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C 

Fig. 31 



Now the epicyclic system. Again let ABCD (Fig. 32) 
be the circle in the plane of the ecliptic, with E the centre 
of the earth, as centre. Let FGH be the epicycle of the 
planet, with centre K on the circle ABCD. Then the planet 
moves uniformly about FGH, while K moves uniformly 
about ABCD. 

Ptolemy then gives a geometrical proof to show that 
according to either of these hypotheses, the planet appears to 
describe in equal times unequal arcs of the ecliptic. 1 After 
this he proves that according to the eccentric hypothesis, 
the motion of the planet is always minimum, when 
it is at the apogee of the eccentric circle and maximum, 
when it is at its perigee; but according to the epicyclic 
hypothesis, its motion is least, when it is at the apogee of 
the epicycle, provided it is moving westward and the 
centre of the epicycle is moving eastward; but if the centre 



1. MS, I, pp. 216-218. 




Fig. 33 



of the epicycle and the planet at the apogee of the epicycle 
are both moving eastward, then at that point the planet 
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will have its maximum motion. The proofs given by 
Ptolemy are as follows. 

In the diagram (Fig. 33) let E be the centre of the 
earth. Let ABCD, with centre F, be the eccentric circle 
of a planet. Let A be the apogee and D the perigee. 
Let the arcs AB and DC be equal. Then 
Z. AEB < L AFB 

< L DFC 

< L DEC. 

This is always the case. Thus according to the eccentric 
hypothesis, the planet's greatest and least motions are 
respectively at its perigee and apogee. 



F 




C 



Fig. 34 

Again in the diagram let ABCD be the circle concentric 
with the universe having E as its centre. Let A and C 
be its apogee and perigee respectively. Let FGHK be 
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the epicycle of the planet with A as centre. Let F and H 
be the apogee and perigee on the epicycle. The epicycle 
is moving eastward along ABCD. If the planet at F also 
moves eastward as from F to G, then there it has its 
greatest motion, because it is moving in the same direction 
as its epicycle. But if the planet at F moves westward 
as from F to K, then there it has its least motion, because 
it moves in a direction contrary to that of its epicycle. 

Ptolemy further adds that in the case of bodies having 
only one inequality, both the hypotheses are applicable to the 
phenomena, provided the following conditions are fulfilled. 

1 . The ratio of the radius of the eccentric circle to 
the distance between the centres of the earth and eccentric 
circle is equal to the ratio of the radius of the concentric 
circle carrying the epicycle to the radius of the epicycle. 

2. The time taken by the planet to describe the eccentric 
circle is equal to that taken by the epicycle to describe 
the concentric circle. 

3. The planet moves along the epicycle at the same 
rate as the epicycle in the concentric and when at apogee 
it moves westward. 

Ptolemy illustrates his statement by proving with 
the help of both methods, that a planet has its greatest 
equation of centre when at an apparent distance of a 
quadrant from its apogee. Hence he concludes that by 
the eccentric hypothesis, the time from the least motion, 
which takes place at the apogee, to the mean motion, which 
takes place at the point of the eccentric, where the planet 
has its greatest equation of centre, is greater than the time 
from the mean motion to the greatest motion, which takes 
place at the perigee. The same is the case by the epicyclic 
hypothesis, provided the motion of the planet at the apogee 
of the epicycle is westward, because as has been proved 
before, it will only then have its least motion at the apogee. 
But by the epicyclic hypothesis, when the planet at the 
apogee of the epicycle moves eastward and consequently, 
has its greatest motion at the apogee and least motion at 
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its perigee, then the time from greatest to mean motion 
is greater than the time from mean to least motion. 

Ptolemy continues that when the bodies have a double 
inequality, both these hypotheses should be combined to 
explain the phenomena. 1 

In the next chapter from his own observations of the 
lengths of the four astronomical seasons, Ptolemy estab- 
lishes that the position of the sun's apogee in his time is 
65° 30' and its maximum eccentricity or radius of its 
epicycle is 2 P 29|', when the radius of the concentric or 
eccentric is and consequently, its greatest equation 
of centre is 2° 23'. These, he says, agree with the values 
given by Hipparchus. 

In the fifth chapter Ptolemy gives geometrical methods 
to find the true place of the sun, when its mean longitude 
is given. 

First the eccentric method. 




Fig. 35 

1. This will be made clear later, when dealing with the planets. 
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Let ABC be the ecliptic with D, the centre of the 
earth, as centre and radius 60 p . Let ADC be the apse line. 
Let G be a point on ADC such that DG is 2 P 30', sun's 
eccentricity. Let EFH be the sun's eccentric circle, the 
centre of which is G and radius 60 p . Let E and H be 
respectively the apogee and perigee of the eccentric circle. 
Let the sun be at F so that the are EF or mean distance 
of the sun from its apogee is 30°. Let FD be joined cutting 
the concentric in B. Then B is the sun's true place. Draw 
DK perpendicular to FG produced. 
Now since arc EF = 30° , 

l_ EGF = 30° , when 4 right angles are 360°, 
= 60°, when 2 right angles are 360°, 
~ L DGK. 

Therefore when the circumference of the circle circum- 
scribing the right-angled triangle DGK is 360°, the arc 
subtended by the chord DK is 60° and the arc subtended 
by GK is its supplement or 120°. 

Therefore from Ptolemy's Table of Chords, if DG is 
120 p , DK = 60 p and GK = 103 p 55'. 

So when DG = 2 P 30', DK = l p 15' and 
GK = 2 P 10'. 

FK = FG+GK = 60 P + 2 P 10' — 62 p 10'. 
FD = /FK 2 -f DK 2 
= 62 p 11' nearly. 

Now when FD - 62 p 11', DK = l p 15'. Therefore, 
when FD = 120**, DK = 2 P 25'. Then if the circumference 
of the circle circumscribing the right-angled triangle FDK 
is 360°, and FD = 120 p and DK = 2 P 25', then again from 
Ptolemy's Table of Chords, arc DK = 2° 18'. 

So L DFK = 2° 18', when 2 right angles are 360°, 
= 1° 9', when 4 right angles are 360°, 
= sun's equation of centre, when its mean 
distance from the apogee is 30°. 
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So its true distance from the apogee 
= arc AB 
= l_ ADB 
= L EGF— L DFG 
= 30°— 1° 9' 
= 28° 51'. 
Now the epicyclic method. 




c 

Fig. 36 



Let ABC be the ecliptic with D, the centre of the earth, 
as centre and radius 60 p . Let ADC be its apse line. Let 
FGK be the sun's epicycle with its centre H on the circle 
ABC, so that arc AH = 30°, and its radius 2 P 30'. Let 
F and G be respectively its apogee and perigee. Let K be 
the sun's position on the epicycle so that arc FK is also 30°. 
Let FHGD be joined. Let KD be joined cutting the 
ecliptic in L. Then L is the sun's true place. Join KH 
and draw KM perpendicular to FD. 
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Since arc FK = 30°, 

L FHK = 30°, when 4 right angles are 360°, 
= 60°, when 2 right angles are 360°. 

So when the circumference of the circle circumscribing 
the right-angled triangle HKM is 360°, arc KM = 60° and 
arc MH, its supplement, is 120°. 

Therefore if HK, the diameter of this circle, is 120 p , from 
Ptolemy's Table of Chords, chord KM = 60 13 and chord 
MH = 103 p 55'. 

So when HK, the radius of the epicycle, is 2 P 30', 
KM = l p 15' and MH = 2 P 10'. 

MD = MH+HD = 2 P 10' + 60 p = 62 p 10'. 
.-. DK = /KM 2 +MD 2 = 62 p 11'. 
Therefore when DK = 120 p , KM = 2 P 25'. So when the 
circumference of the circle circumscribing the right-angled 
triangle KMD is 360°, from Ptolemy's Table of Chords, 
the arc subtended by KM is 2° 18'. 

So L KDM = 2° 18', when 2 right angles are 360°, 
= 1° 9', when 4 right angles are 360°, 
= sun's equation of centre, when its mean 
distance from the apogee is 30°. 

So its true distance from the apogee 
= arc AL 
= L ADL 

= L ADH— Z. LDH 
= 30°— 1° 9' 
= 28° 51'. 

Thus both the eccentric and epicy clic methods give the 
same result. 

Ptolemy gives two more examples showing how to find 
the true place of the sun, both by the eccentric and epicyclic 
methods, when its mean distance from the perigee is given. 

In the next chapter Ptolemy gives a table of equations 
of centre of the sun, calculated in the above manner, for 
intervals of 6°, for each of the two quadrants on eithec side 
of the apogee and for intervals of 3°, for each of the two 
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quadrants on either side of the perigee. A shorter interval 
for the quadrants on either side of the perigee is chosen, 
because there the equations change more rapidly. 

The eighth chapter gives rules for calculating the sun's 
true longitude on any day using the tables of mean motions 
and equations of centre. 

This completes the account of the sun's motion accord- 
ing to Ptolemy. 

Motion of the Moon according to Ptolemy 

The MS then gives a theory of the moon. In the third 
chapter of the fourth book Ptolemy gives the various 
periodic motions of the moon. According to him the mean 
daily motion of the moon in longitude is 13° 10 l 34 u 58 m 33 lv 
30 v 30 vl , expressed in sexagesimal fractions. This is the 
same as that given by Hipparchus. The motion in anomaly 
and that in argument of latitude are respectively 13° 3 1 53" 
56* 17 iv 51 v 59™ and 13° 13* 45 u 39 m 48 iv 56 v 37 vi according 
to Ptolemy but according to Hipparchus they are respec- 
tively 13° 3* 53 U 56 m 29 iv 38 v 38 vi and 13° 13 1 45 u 39* 40 iv 
17 v 19 vl . In the remaining chapters of this book, Ptolemy 
deals with the first inequality of the moon following the 
epicyclic method, which is described above. 

All the predecessors of Ptolemy including Hipparchus 
knew only one inequality of the moon, namely, its equation 
of centre. This inequality was represented, as in the case of 
the sun, either by an eccentric or by an epicycle. Accord- 
ing to the eccentric hypothesis, the' moon moves eastward 
on the eccentric circle with its mean motion and the centre 
of the eccentric circle revolves round the earth at a rate 
equal to the difference between the motion in longitude and 
the motion in anomaly of the moon. According to the 
epicyclic hypothesis, there is first of all a circle concentric 
with the ecliptic and described in the same plane. To this 
circle is inclined another concentric circle at an angle of 
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5?, the greatest latitude of the moon. , This circle revolves 
uniformly in a westward direction about the centre of the 
ecliptic at a rate equal to the difference between the motion 
in the argument of latitude and that in the longitude of 
the moon. This circle carries an epicycle, the centre of 
which moves eastward at a rate equal to the motion in the 
argument of latitude. The resulting motion of the centre 
represents, therefore, the motion in longitude of the moon. 
The moon moves on the circumference of the epicycle in a 
westward direction at a rate equal to its motion in anomaly. 
This motion thus represents the moon's motion in anomaly. 

This was the theoiy of the moon before Ptolemy 
developed it by his remarkable discovery of the evection 
of the moon. 

From the observations recorded by Hipparchus and 
also from those made by himself, Ptolemy finds that the 
moon has not only one inequality as his predecessors 
thought, but it has a second inequality also. The former 
he calls the inequality with regard to the ecliptic or the 
moon's equation of centre and the latter he calls the in- 
equality with regard to the sun or evection. This makes 
the geometrical interpretation of the moon's motion different 
from that of the sun. Ptolemy states his theory in a very 
complicated thesis in part of the fifth book of the MS. This 
theory is illustrated by the following diagram. 

Let ABC (Fig. 37) be a circle concentric with the ecliptic 
with E as centre and radius 49 p 41'. Let AEC be a vertical 
diameter in it. Take a point D on it such that DE = 10 p 19'. 
Then, with centre D and radius 49 p 41' draw a circle, which 
is the moon's Eccentric circle. Let F and H be its apogee 
and perigee respectively. The centre of the moon's epicycle 
lies on this circle. Let G be the centre. With G as centre 
and radius 5 P 15 T draw a circle, which is the moon's epicycle. 
To make the calculated results tally with the observations, 
Ptolemy assumes that the centre of the epicycle moves on 
the eccentric circle eastward so that it coincides with the 
apogee of the eccentric circle on the days of full moon and 
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F 




Fig. 37 



on the days of conjunction of the sun and moon and it 
coincides with the perigee of the eccentric circle at quadra- 
tures. Thus the epicycle moves round the eccentric twice 
in the mean synodic month and so the distance of the centre 
of the epicycle from the apogee of the eccentric circle or 
the angle FEG is nearly twice the moon's elongation from 
the sun. The moon moves westward in the epicycle at a 
rate equal to the daily motion of the anomaly. Again to 
make the observed results- agree with the calculated results, 
especially when the moon is in places intermediate between 
the syzigies and the quadratures, Ptolemy makes a further 
assumption called Prosneusis. Ptolemy assumes that the 
line of apse in the epicycle does not pass through the centre 
of the earth, ,but through a point on the side away from 
the centre of the eccentric and at a distance equal to that 
between the centre of the earth and the centre of the eccen- 
tric. In the above diagram, if K is the apogee of the 
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epicycle with centre G, from which the motion in anomaly 
of the moon is measured, then KG, the line of apse of the 
epicycle, does not pass through E, but through a point L 
on the diameter ADE, such that LE is equal to DE and L is 
always on the side of E away from D. K is called the 
mean apogee. The point M, where EG produced cuts the 
epicycle, is the apparent apogee. M coincides with K 
at times of syzigies and quadratures but at intermediate 
times oscillates a little on both sides of K. 1 

Now to find geometrically the moon's true place, when 
its mean place is known. 



A 




Fig. 38 



Let ABC be the moon's eccentric circle, with D as 
centre and A and C as its apogee and perigee respectively. 
Let E be the centre of the ecliptic, so that DE is 10 p 19', 

1. Godfray has explained Ptolemy's theory in his Lunar Theory, 
pp. 108-109. 
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when EA is 60 1 '. Let B be the centre of the moon's epicycle 
and F and O be its apogee and perigee respectively. Let 
EM be also i(f 19'. Let BM be joined cutting the epicycle 
in K and L, so that they are respectively the mean apogee 
and perigee. Let H be the place of the moon on the 
epicycle travelling westward from F. It is required to find 
the angle HEF, the difference between the moon's mean 
and true places. Join BD and HB. Draw DN, MO and 
HP perpendiculars to FBE. 

Now let the sun's, mean place be 12° 5' of Cancer and 
that of the moon 27° 20' of Leo and let the moon's distance 
from the mean apogee in the epicycle be 333° 12'. Then 
the moon's elongation from the sun is 45° 15'. 

According to Ptolemy's theory, the angle AEB, the 
distance of the epicycle from A, the apogee of the eccentric, 
is 2 times 45° 15' or 90° 30', when 4 right angles are 360°, or 
181°, when 2 right angles are 360°. 

So Z AEN = 89° 30', when 4 right angles are 360°, 

= 179°, when 2 right angles are 360°. 
Then if the circumference of the circle circumscribing 
the right-angled triangle DEN is 360°, arc DN = 179° and 
arc EN — 1°. So from Ptolemy's Table of Chords, chord 
DN = 119 p 59' and chord EN - l p 3', when DE = 120 p . 

So if DE = 10P 19', DB = 49 p 41', DN = 10 p 19' 
nearly and EN — 5' nearly. 

Since the two right-angled triangles DEN and MEO 
are congruent, DN = MO = 10P 19' and EN - EO = P 5'. 
Since BN 2 = DB 2 — DN 2 , 
BN = /DB 2 — DN 2 

= 48 p 36'. 
BE = BN-EN 
= 48 p 36'- 5' 
= 48 p 31'. 
BO = BE-EO 
= 48 p 31' — 5' 
= 48 p 26'. 
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Since BM 2 = BO^+MO 2 , 
BM = /B0 8 +M0 2 
= 49 p 31'. 

Thus BM = 49 p 31', when MO = 10 p 19'. 
So when BM = 120 p , MO = 25 p . 

So when the circumference of the circle circumscribing 
the right-angled triangle BMO is 360°, from Ptolemy's Table 
of Chords, arc MO = 24° 3'. 

So t MBO = 24° 3', when 2 right angles are 360° , 
= 12° 1', when 4 right angles are 360°. 
So arc KF = L KBF = Z. MBO = 12° 1'. 

Now since the moon is 333° 12' westward from K, the 
mean apogee, 

arc KH = 360°— 333° 12' 
= 26° 48'. 
.-. arc FH = 26° 48'— 12° 1' 
= 14° 47'. 

.'. /. FBH — 14° 47', when 4 right angles are 360°, 
= 29° 34', when 2 right angles are 360°. 
So if the circumference of the circle circumscribing 
the right-angled triangle BHP is 360°, arc HP = 29° 34' 
and arc PB = 150° 26'. 

So from Ptolemy's Table of Chords, chord HP = 3<f 37', 
and chord PB = 116 p 2', when BH, the hypotenuse, is 12(r°. 

So when BH, the radius of the epicycle, is 5 P 15', 
HP = l p 20' and PB = 5 P 5'. 

.-. PE = PB+BE 

= 5 P 5'+48 p 31' 
= 53 p 36'. 
.-. HE = /HP2+PF3 

= 53 p 37'. 
/. HE = 120 11 , HP = 2 P 59'. 
Therefore if the circumference of the cirele circum- 
scribing the right-angled triangle HPE is 360°, from 
Ptolemy's Table of Chords, arc HP = 2° 52'. 
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So L HEP = 2° 52', when 2 right angles are 360°, 
=■ 1° 26', when 4 right angles are 360°, 
— difference between the moon's mean and 
true places. Hence is obtained the moon's true place. 

In the eighth chapter of the fifth book Ptolemy gives 
tables of the general lunar inequality and in the ninth 
chapter he gives rules for calculating the moon's true place 
from these tables. 

This is, in brief, Ptolemy's theory of the moon. 

Motion of the Five Planets according to Ptolemy 

As regards the theory of the motion of the five planets, 
it is clear from the second chapter of the ninth book of 
the MS that predecessors of Ptolemy were not acquainted 
with the two inequalities of a planet and consequently, 
they were not successful in their attempts to establish a 
theory of the planetary motion. Even Hipparchus found 
it difficult to formulate a theory. He only arranged the 
observations as systematically as possible and came to 
the conclusion that each planet had two inequalities and 
the amount of retrogradation of each was different. He 
also thought that it might be necessary to combine the 
epicyclic and eccentric theories to explain this double 
inequality. Thus it appears that Ptolemy was the first 
Greek astronomer to establish a theory on the motion of 
the five planets by means' of epicyclic and eccentric 
methods. The last five books of the MS deal with this 
subject. 

As to the order of the planets in the celestial sphere, 
Ptolemy accepts that, which was assumed by the ancients, 
namely, Moon, Mercury, Venus, Sun, Mars, Jupiter 
and Saturn from the earth upwards. He again emphasizes 
that, as in the case of the sun and moon, the apparent 
irregularities of the planets are accounted for by means 
of uniform and circular motions. 
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Of the two inequalities of a planet, the one with respect 
to the sun is called solar inequality and the one with respect 
to the zodiacal divisions is called zodiacal inequality. 

According to Ptolemy the mean daily motions in 
longitude of Saturn, Jupiter, Mars, Venus and Mercury 
are respectively 2 l U 33 m 31 iv 28 v 51* 4 59" 14 m 26 iv 
46 T 31 vi , 31* 26 u 36 ai 53 iv 51 v 33 vi , 59* 8 U 17 iU 13 iv 12 v 31 vi 
and 59 1 8 U 17 m 13 iv 12 v 31 vi expressed in sexagesimal 
fractions, the last two being the same as that of the suri. The 
motion in longitude is the motion of the centre of the 
epicycle. The daily mean motions in anomaly of the three 
superior planets, Saturn, Jupiter and Mars, are found by 
subtracting their respective mean motions in longitude 
from that of the sun. Hence they are 57* 7 U 43 m 41 iv 43 v 
40* 54* 9 U 2 m 46 iv 26 v and 27 1 ' 4I U 40 m 19 iv 20 v 58* 
respectively. Those of Venus and Mercury are respectively 
36 1 59* 25 iU 53 iv IF 28* and 3° 6* 24" 6 m 59 iv 35 v 50* 
(third chapter). The motion in anomaly is the motion 
of the planet on the epicycle. In the fourth chapter, 
Ptolemy gives tables of the mean hourly, daily, monthly, 
yearly, etc., motions in longitude and anomaly of the five 
planets. In the fifth and sixth chapters he discusses the 
geometrical construction to represent the inequalities of 
the five planets. This is briefly as follows. 

A planet's inequality with respect to the sun is best 
represented by means of the epicyclic system. Ptolemy 
says that the epicyclic system must be used here, because 
it is found from observations of the various positions of 
the planet with regard to the sun in the same zodiacal 
division that the time from the greatest to the mean motion 
is greater than the time from the mean to the least motion 
and this fact does not follow from the eccentric hypothesis. 
But it can be made to fit in with the epicyclic hypothesis, 
if it is supposed that the planet has the greatest motion 
at the apogee, that is, if the planet is supposed to move 
eastward from it. Ptolemy then says that observing the 
zodiacal arcs corresponding to the same position of a planet 
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with respect to the sun, it is found that the time from the 
least to the mean motion is greater than the time from the 
mean to the greatest motion. This fact can be made to 
fit with both hypotheses, but since the epicyclic system 
must be used for the determination of the first inequality, 
the eccentric system will be used for the second inequality. 
Thus in the case of planets with two inequalities, Ptolemy 
combines the epicyclic and eccentric systems. 

Besides combining both the hypotheses, Ptolemy 
introduces some more complications, which can best be 
explained by means of diagrams. It must also be noted 
that Ptolemy's theory of Mercury is slightly different from 
that of the other planets, which will be first explained. 




Fig. 39 



Let ABC be a circle concentric with the ecliptic, 
with E, the centre of the earth, as centre. Let AEC be a 
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vertical diameter, A and C being the apogee and perigee 
respectively. Let K be the centre of the eccentric circle 
LMN of any planet. Let D be the middle point of EK. 
Let FGH be a circle with centre as D and equal to the 
circle ABC. The centre of the epicycle of the planet lies 
on this circle. Let it be Q. Draw the epicycle with Q 
as centre. 

Ptolemy assumes the following conditions. 

1. The plane of the eccentric circle is inclined to the 
plane of the ecliptic and the plane of the epicycle is inclined 
to the plane of the eccentric circle. This is assumed to 
account for the motion of the planet in latitude. But 
when the motion of the planet in longitude alone is consi- 
dered, this assumption may be dispensed with and the 
planes of the eccentric and the epicycle may be considered 
to be the same as that of the ecliptic, because no considerable 
difference in the motion in longitude arises thereby. 

2. OQP, the diameter of the epicycle, revolves east- 
ward uniformly about K, at a rate equal to the mean 
daily motion in longitude of the planet. Thus Q, the centre 
of the epicycle, moves uniformly on the eccentric FGH. 

3. The planet moves uniformly along the epicycle 
such that it completes its revolution with respect to the 
diameter directed towards K, in a period equal to that of 
its mean anomaly. 

4. The planet moves so that when at the apogee 
of the epicycle, it is moving eastward. 

5. The whole plane moves uniformly eastward about 
E at the rate of 1° in 100 years. 1 

It is interesting to note here that Ptolemy rejects 
the simple eccentric theory of his predecessors. From 
observations he finds that the centre of equal distance 
is not the same as the centre of uniform motion; or in 
other words, the centre of the circle carrying the epicycle 
is different from the centre of the eccentric circle. Thus 



1. This is the rate of the precession of equinox according to Ptolerny. 
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there are 3 centres — E, the centre of the earth; D, the 
centre of the eccentric carrying the epicycle or the centre 
of equal distance; and K, the centre of the eccentric 
or the centre of uniform motion. 

The following is the theory of Mercury. 



c 

Fig. 40 



Let ABC be a circle with centre as E, th& centre of 
the earth and concentric with the ecliptic. Let AEC be 
its diameter and A and C its apogee and perigee respectively. 
Let D, a point on AEC, be the centre of the eccentric 
circle FGH, of Mercury. Let K be a point on ADEC, 
so that DK = DE. Now the centre of the eccentric circle 
carrying the epicycle moves about K westward always 
at a distance equal to KD from K. Let it be L at a certain 
position. With L as centre draw a circle MNO equal 
to the circle ABC. Let P, a point on the circle MNO, 



APPENDIX VII 



243 



be the centre of the epicycle of Mercury. Describe the 
epicycle and let QPR be its diameter. 

Besides assuming all the conditions as in the case 
of other planets, Ptolemy assumes one more in the case 
of Mercury. Here the centre of the eccentric circle carrying 
the epicycle is not fixed as in the case of the other planets, 
but it moves. It moves uniformly about K westward 
and at the same rate as that of P, the centre of the epicycle, 
eastward. This centre of the movable eccentric will 
coincide with D, the centre of the fixed eccentric, once 
in each revolution and thus Mercury is at the perigee twice 
in one revolution. 

In the ninth, tenth and eleventh books Ptolemy, from 
observations, calculates the apogees, eccentricities and the 
radii of the epicycles of the five planets. These are given 
below. 

Apogees at the time of Ptolemy 

Mercury . . 10° of Libra 



25° of Taurus 
25° 30' of Cancer 
11° of Virgo 
23° of Scorpio 



Venus 
Mars 
Jupiter 
Saturn 

The distance between the centre of the earth and that 
of the circle of uniform motion, that is, ED for Mercury 
and EK for the other planets (in their respective diagrams) 

Mercury . . 3 P 

Venus . . 2 P 30' 

Mars .. 12 p 

Jupiter .. 5 P 30' 

Saturn .. 6 P 50' 

The distance between the centre of the earth and, that 
of the eccentric circle carrying the epicycle, that is, ED 
Venus . . l p 15' 

Mars > .. 6 P 

' Jupiter .. 2 P 45' 

Saturn . . 3 P 25' 
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In the case of Mercury the distance between the centre 
of the earth and the point about which the centre of the 
eccentric carrying the epicycle moves, that is, EK is 6 P 
and the distance between this latter point and the centre 
of the eccentric circle carrying the epicycle, that is, KL is 
always 3 P . 

In the case of every planet the radius of the concentric 
or eccentric circle is 60 p , while the radii of the epicycles 
of Mercury, Venus, Mars, Jupiter and Saturn are respec- 
tively 22 p 30', 43 p 10', 39 p 30', ll p 30' and 6 P 30'. 

In the ninth chapter of the eleventh bo'ok, Ptolemy gives 
the geometrical method to find the true place of a planet, 
when its mean distance from the apogee of its eccentric 
circle or its mean longitude and its mean distance from 
the apogee of its epicycle or its mean motion in anomaly 
with regard to the sun are given. This method is illustrated 
below. Take the case of, say, Mars. 




Fig. 41 
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Let ABC be the circle concentric with the ecliptic, 
having its centre as E, the centre of the earth and radius 
Let A and C be its apogee and perigee respectively. 
Let FGH be the eccentric circle, equal to the circle ABC, 
which carries the epicycle of Mars. Let its centre D be 
such that DE is 6 P . Let F and H be its apogee and perigee 
respectively. Let LMN be a circle equal to ABC with 
centre K such that EK is 12 p . This is the circle of uniform 
motion. Let L and N be its apogee and perigee respec- 
tively. Let G be the centre of the epicycle of Mars with 
a radius of 39 p 30' and P and Q be its apogee and perigee 
respectively. Let R be the position of the planet on the 
epicycle. Let EG be joined and produced to meet the 
epicycle at S. Let ER be joined. Let RT be drawn 
perpendicular to ES. Let DX and EY be drawn perpendi- 
culars on PGQK produced. Let GD and GR be joined. 

The mean distance of Mars from the apogee of its 
eccentric circle, that is, angle LKG is given and its mean 
distance from the apogee of its epicycle, that is, angle 
PGR is given. It is required to find its true distance 
from the apogee of its eccentric circle or angle LER. 

Now L LKG = L DKX 

— a, say, when 4 right angles are 360°, 
= 2a, when 2 right angles are 360°. 

Therefore arc DX = 2a, when the circumference of 
the circle circumscribing the right-angled triangle DKX 
is 360°. 

Therefore arc KX = 180°— 2<*. 

So chords DX and, KX are known from Ptolemy's 
Table of Chords, when the hypotenuse DK is 120**, and 
hence when DK is 6 P . Let these be x and y respectively. 

Thus chord EY = 2 chord DX = 2x and chord 
KY = 2 chord KX = 2y, as D is the middle point of 
EK and DX is parallel to EY. 

So chord XY = y. 

GX - /GD 2 — DX 2 = /602-x2 = a, say. 
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So GY == GX-f-XY = a+y. 

So GB^/Sfi^./jS+jji^^^ say> 
Thus when GE = b, EY = 2x. 
So when GE = 120 P , EY = c , say. 

Therefore from Ptolemy's Table of Chords arc EY 

aao^Tet^r EGY ' Wh6n 2 rigbt angles are 

Let Z PGR = y , when 4 right angles are 360°, 
= 2y, when 2 right angles are 360° 
So ZSGR = /_ TGR 

= ZSGP+ZPGR 
= ZEGY+ZPGR 
= /9+2y 
= S, say. 

Therefore from Ptolemy's Table of Chords arc RT = 8 
when the circumference of the circle circumscribing the 
right-angled triangle TGR is 360°. So arc TG = 180°ls 

Thus from Ptolemy's Table of Chords, chords RT 
and TG are known, when RG, the hypotenuse, is I20 p , 
and hence when RG, the radius of the epicycle, is 39 p 30' 
■Let them be d and e respectively. 

/. TE = TG-f-GE 

= e+b 

= f, say, is known. 
RE = /RTi+TE^ ==g, say, is known. 

_ When RE = g, RT = d. Thus when RE = 120 P 
-Kl is known. ' 

Thus from Ptolemy's Table of Chords arc RT is known 
when the circumference of the circle circumscribing the 
right-angled triangle RET is 360° 

are w ^ = "° RT fa kn °™ WheD 2 ri S ht 

are 360 , and, consequently, is known, when 4 right angles 
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Thus angle LER, which is required, is known. 
■ In the eleventh chapter Ptolemy gives tables showing 
the values of the inequalities of the planets in different 
positions and in the last chapter he gives rules to use these 
tables to find the true longitude of a planet on any day. 

The foregoing sections show how the epicyclic and 
eccentric methods were used by Ptolemy to explain the 
motions of the sun, moon and the five planets. 



The Planetary System of the Ancient Indians 

In the planetary system conceived by -the Indians 
the earth is at the centre of the universe and it is fixed' 
The stars and planets move round it from east to west 
m concentric circular orbits with a common drive consti- 
tuted by the wind called Pravaha. They complete one 
revolution in one day. In terms of their radial distance 
from the earth they are in the order-Moon, Mercury 
Venus, Sun, Mars, Jupiter and Saturn and the stars In 
the course of their motion the sun, moon and the five 
planets fall behind the stars, each losing an equal distance 
daily, so that they appear to move eastward, each at a 
rate of 11858717 Yojanas per day. Thus according to 
the Indian astronomers all the planets move eastward 
in their orbits with the same velocity. But since the 
dimensions of their orbits are unequal, their apparent 
motions, being in inverse ratio of the orbits, differ from 
one another. The daily motion westward of each planet 
is equal to the difference between 11858717 Yojanas and 
the circumference of its orbit. 

The astronomers even before Aryabhata noticed that 
the motion of a planet was not regular. They assigned 
the causes of this irregularity in motion to invisible deities 
situated at the Mandocca or apogee, at the Sighrocca or 
apex of quick motion and at the Pata or node. In the 
case of an inferior planet, the mean planet has the same 
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velocity as that of the mean sun while the velocity of its 
Jslighrocca is the velocity of the planet itself, and the point 
called &Ighrocca is an imaginary point moving round the 
earth with the same angular velocity as that of the planet 
round the sun. In the case of a superior planet, the velocity 
of the planet is its true velocity and its &ghrocca has the 
same velocity as that of the mean sun. Now the ancient 
idea was that a planet was attached to these invisible 
deities at its Mandocca, ^ighrocca and Pata by cords 
of air. The deities at the Mandocca and the ^Ighrocca 
drew the planet forward or backward, towards their places 
alternately with the right and left hands. Thus irregularity 
in motion was caused. Again the deity at the Pata drew 
the planet north or south of the ecliptic causing deviation 
in the latitude. This idea is expressed in SS, ii. 1-14. 

The epicyclic and eccentric theories are actually 
first met with in Aryabhatiya of Aryabhata. Varahamihira 
in the description of SS in PS, Brahmagupta in BSS and K, 
Lalla in SV, Sripati in SSV and Bhaskara in S!§ have 
given detailed description of these theories. Bhaskara 
is very clear and lucid in his explanation. 

Epicyclic Theory to bind the Sun's Motion 
The epicyclic theory is called Nlcoccavrttabhangi. 

Let the circle ABP (Fig. 42) with E, the earth, as centre 
be the orbit of the sun or Kaksavrtta. Let AEP be the apse 
line or Nicoccarekha. AE is the radius or Trijya. With A 
as centre and the radius of the sun's epicycle or Mandantya- 
phalajya as radius describe a circle. This is the sun's 
epicycle or Nlcoceavrtta. Let PEA produced cut it in U 
and N. Then U is the apogee or Mandocca in the epicycle 
and N is the perigee or Mandanica. 

Now the theory supposes that while A, the centre of 
the epicycle, moves in the direction of the signs about the 
orbit ABP, with a velocity equal to that of the sun's mean 
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U 




Fig. 42 



motion and always coinciding with its mean place, the sun 
itself moves along the epicycle with an equahle motion 
but in a direction contrary to that of the signs. Further, 
the time taken by the sun to complete one revolution along 
the circumference of the epicycle is the same as that taken 
by the centre of the epicycle to complete one revolution 
along the circumference of the orbit. Thus when the centre 
of the epicycle or the mean sun is at A, the true sun is at IT. 

Now suppose A moves to A'. Let A'E be joined 
cutting the epicycle in U' and N', which are the apogee and 
perigee respectively. Then the mean sun is at A' and the 
sun is at S, so that angle U'A'S is equal to angle U'EA. 
Join ES cutting the orbit at S'. Then A' is the mean sun 
or Madhyamasurya and S' is the true sun or Sphutasurya or 
Spastasurya. The difference between the two positions 
is the arc A'S', which is the equation of centre or 
Mandaphala. ~, 
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It is required to find the value of the arc A'S'. Draw 
SC and A'D perpendiculars to U'N'E and UNE respectively. 
Arc AA' measures the angle between the apogee and the 
mean sun and is mean anomaly or Mandakendra. 

.-. A'D = Jya arc AA' or Mandakendrajya. 

Now from the similar right-angled triangles SCA' and 
A'DE, 

A'DxSA' 



SC 



A'E 



Now since radius of epicycle : circumference of epicycle 
: : radius of orbit : circumference of orbit, 

^ x circumference of epicycle 
circumference of orbit 

_ Mandakendrajya x Nicoccavrttaparidhi 
~ '. 360 5 

SC is approximately considered as Jya of arc A'S'. 
So arc A'S' is. the arc corresponding to (1) as Jya. 

Thus if the sun's mean longitude and that of its apogee 
are known, then from the difference of the two longitudes, 
the sun's true longitude is calculated. 

According to most of the Indian astronomers, the 
sun's apogee has so very slight motion, that it is considered 
to be fixed for practical calculations. According to Arya- 
bhata and Lalla, it is 78°; and according to SS as depicted 
in PS it is .80°. According to the modern SS it is 77° 15'. 
Brahmagupta and Bhaskara both say that it makes 480 
revolutions in 4320000000 years. 

The measurement of the circumference of the sun's 
epicycle, when that of the orbit is 360°, is 13° 30' according 
to Aryabhata and Lalla and 14° according to SS as depicted 
in PS. According to Brahmagupta and Bhaskara it is 
13° 40'. According to the modern SS, it is 13° 40' when 
described at the end of an odd quadrant of the concentric 
and 14° when described at the end of an even quadrant. 
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The difference in the circumference of an epicycle between 
these two ends is equal to the product of the Jya of the 
anomaly and the difference between the circumferences 
of the epicycles at the end of odd and even quadrants 
divided by the radius of the orbit (SS, ii. 38). 

Eccentric Theory to find the Sun's Motion 
The eccentric theory is called Prativrttabhangi. 




Fig. 43 

Let ABP be the sun's orbit or Kaksavrtta, with E, 
the earth, as centre. Let AEP be the apse line. Let CE 
be equal to the radius of the sun's epicycle. • Let A'DP' 
be a circle with C as centre and equal to the circle ABP. 
Let AEP produced cut this circle in A' and P'. Then 
A'DP' is the sun's eccentric circle or Mandaprativrtta 
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and A' and P' are respectively the apogee and perigee 
in the eccentric circle. 

The theory supposes that the mean sun and the true 
sun move respectively along the concentric circle and the 
eccentric circle with the same angular velocity in the 
direction of the signs. 

So when the mean sun is at A, the true sun is at A'. 
When the mean sun is at M, the true sun is at S, so that 
arc AM is equal to arc A'S. Let ES be joined cutting the 
orbit at S'. Then S' is the place of the sun as observed 
from the earth. The arc MS' is the difference between 
the mean sun and the true sun and is the equation of 
centre. 

It is required to find arc MS'. Join EM, CS and SM. 
Draw SE and MG perpendiculars to EM produced and 
A'AE respectively. 

Since arc AM = arc A'S, 

.-. L AEM = L A'CS. 

So EM is parallel to CS. 

ButEM = CS, 

.*. SM is equal and parallel to CE. 

Now arc AM measures the angle between the apogee 
and the mean sun and is mean anomaly or Mandakendra. 

Thus MG is Jya of the mean anomaly or Manda- 
kendrajya. 

Now from the similar right-angled triangles SEM 
and MGE, 

MGxSM 
Sr== ME 

_ Mandakendra jya X Nicoccavrttaparidhi ^ 
■~ 360° 

(as before) 

SF is approximately considered as Jya of are MS'. 
Thus MS' is the arc corresponding to (1) as Jya. 

This result is the same as that obtained by the epicyclic 
method. 
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The Indian astronomers thus calculate the sun's 
equation of centre either by the epicyclic method or by 
the eccentric method. Then applying this positively or 
negatively to the sun's mean longitude, according as the 
mean anomaly is greater or less than 180°, they find the 
sun's true longitude. 

Theory of the Moon 

The same methods as those for the sun are used to 
calculate the moon's true longitude. There is no mention 
of the moon's second inequality in Aryabhata's, Varaha- 
mihira's, Brahmagupta's and Lalla's works. The failure 
to notice this inequality may be due to the importance 
attached to the positions of the moon in syzygies only 
for the calculation of an eclipse and not in the quadratures. 

Munjala of the tenth century is the first Indian astro- 
nomer to give the moon's second inequality. It is also 
given by Sripati in his SSe and by Bhaskara in his 
Bijopanaya, which he wrote after SS. These works show 
that the moon's second inequality was noticed by the 
Indian astronomers. 1 

According to all the astronomers, the moon's apogee 
has a significant motion, which has to be taken into account. 

According to Aryabhata and Lalla, the circumference 
of the moon's epicycle is 31° 30', when that of the concentric 
is 360°; according to SS as depicted in Varahamihira's PS, 
it is 31°; according to Brahmagupta and Bhaskara, it is 
31° 36'; according to the modern SS, it is 31° 40' when 
described on the diameter of the concentric perpendicular to 
the line of apse and 32° when described on the line of apse. 

Planetary Theory 

The Indian astronomers knew the two-fold inequa- 
lities of the planets — (1) the inequality of apsis or Mandocca 

. 1. KTSG, pp. 161-171. 
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and (2) the inequality of the apex of quick motion or 
6lghrocca. The first is equivalent to the zodiacal inequality 
and the second to the solar inequality as described by 
Ptolemy. The Indian name for the first inequality is 
Mandaphala and that for the second is &Ighraphala; The 
latter roughly represents the elongation in the case of an 
inferior planet and the annual parallax in the case of a 
superior planet. 

Both these inequalities are calculated either by the 
epicyclic or by the eccentric method. 

Epicyclic Method 




Let ABM be the orbit of a planet, with centre E, 
the earth. Its radius is called Trijya. Let AEM be the 
apse line and EC the direction of the ^ighrocca. Let A' be 
the centre of the first epicycle of the planet and UDN be 
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the epicycle or Mandanlcoccavrtta, so that U is the apogee 
or Maridocca and N is the perigee or Mandanica and UA' is 
its radius or Mandantyaphalajya. 

Now according to the epicyclic theory, as in the case 
of the sun, when the position of the planet on the epicycle 
is at P, arc UP is equal to arc AA\ If EP is joined cutting 
the orbit in P', then P' is the position of the planet after 
the correction due to the apsis. The amount of correction 
to be given to the mean longitude of the planet is the arc 
A'P\ the value of which can be found exactly in the same 
manner as in the case of the sun. 

Now with P' as centre and the radius of the planet's 
second epicycle or Sighrantyaphalajya as the radius describe 
a circle called Sighranicoccavrtta. Produce EP'P to cut 
it in U' and N', which are respectively the Sighrocca and 
Sighranlca or the planet's apogee and perigee on the epicycle. 
Now if P'F is drawn parallel to EC, F is the position of 
the planet on the epicycle. If EF is joined cutting the 
orbit in P", then P" is the true place of the planet. Thus 
a further correction to be given to the corrected mean 
longitude of the planet is the value of the arc P'P", which 
is called Sighraphala. This process is called STghrakarma. 

It is required to find the value of the arc P'P". Draw 
P'G, P'K and FH perpendiculars respectively to EF, 
EC and EU'. 

Arc P'C measures the angle between the Sighrocca 
and the corrected planet or Sighrakendra. 

So P'K is Sighrakendrajya and EK, Slghrakendra- 
kotijya. 

Now from the similar right-angled triangles FP'H 

and P'EK, 

™x tm. , P'KxFP' 
I H or Dohphala = — =rp= 

r Jii 

Sighrakendrajya x radius of second epicycle 
radius of orbit 
_ Sighrakendrajya x Sighrapicocoavrttapar idhi 
~~ 360° ' \ 
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From the same triangles, 

EKxFP' 

HP' or Kotiphala = — p,-^ - 

Sighrakendrakotijya x Sighrardcoccavrttaparidhi 
= '' 360° 

.-. HE or Sphutakoti = P'E-f HP' 

= Trijya+Kotiphala. 

[In the second and third quadrants, 

Sphutakoti = Trijya— Kotiphala] 

.-. EE or Kama = /FH 2 +HE 2 



= /Dohphala 2 + Sphutakoti 2 . 

Now from the similar right-angled triangles P'GE 
and FHE, 

FHxP'E 



P'G - 



or Jya arc P'P" = 



FE 

FHxP'E 
FE 



, Dohphala x Trijya , , * 

or Sighraphaiajya = Karai* ~ " 

So arc P'P" or Sighraphala is the arc corresponding 
to (1) as Jya. 

When the value of this arc is applied to the longitude 

of the planet corrected by the inequality due to apsis, 
the result is the planet's true longitude. 



Eccentric Method 

Let ABP (Fig. 45) with E, the earth, as centre be the 
orbit of the planet. Let AEP be the apse line. Let ES be 
the direction of the Sighrocca. Let EF be equal to the 
radius of the first epicycle of the planet. Let the circle 
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Fig. 45 



A'B'P' with F as centre be equal to the circle ABP. Then 
A'B'P' is the first eccentric circle or Mandaprativrtta of 
the planet. Let A' be the apoge§ or Mandocca and P' 
be the perigee or Mandanica on the eccentric. Then as 
in the case of the sun, when the mean planet is at M, the 
position of the planet on the eccentric is at M 1} so that arc 
AM is equal to arc A'Mi. Let EMj be joined cutting the 
concentric in M 2 . Then M 2 is the position of the planet 
corrected by the inequality due to the apsis. The correction 
to be applied to the mean longitude of the planet is the 
value of the arc MM 2 , which can be found exactly in the 
same way as in the case of the sun. 

Now frpm ES, cut off EG equal to the radius of the 
second epicycle of the planet or Sighrantyaphalajya. 
With G as centre describe a circle equal to the concentric. 
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This is the second eccentric or SIghraprativrtta. Produce 
ES to meet it in S'. Then S' is the Sighrocca in the ec- 
centric. Then M 3 is the position of the planet in the second 
eccentric, such that arc S'M 3 is equal to arc SM 2 . Let 
EM 3 be joined cutting the concentric in M 4 . Then M 4 is 
the true place of the planet. The correction to be giyen 
to the once corrected planet is the value of the arc M 2 M 4 . 

It is required to find the arc M 2 M 4 . For clarity this 
part of the diagram is drawn separately. 



s 




Fig. 46 



Join EM 2 . Join M 3 M 2 and produce it to meet the 
line at right angles to ES at H. Draw M 2 K perpendicular 
to EM 3 . 

Now M 3 M 2 = GE = Sighrantyaphalajya. 
Arc SM 2 measures the angle between the Sighrocca 
and the once corrected planet and is = Slghrakendra. 
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So EH, its jya, is Sighrakendrajya and M 2 H, its Kotijya, 
is Slghrakendrakotijya. 
So M 3 H or Sphutakoti 
= M 3 M 2 +M 2 H ' 

= Sighrantyaphalajya+Sighrakendrakotijya. 

[When the Slghrakendra is greater than 3 and less than 
9 signs, Sphutakoti = Sighrantyaphalajya— Slghrakendra- 
kotijya] 

So M 3 E or Karna 

= /EH 2 -f M 3 H 2 



= / Sighrakendrajya 2 -f Sphutakoti 2 . 

Now from the similar right-angled triangles M 3 M 2 K 
and M 3 EH, 

EH x M 3 M 2 



M 3 E 



or Jya arc M 2 M 4 or Sighraphalajya, 

_ Tri jya Slghrakendra j ya x Sighrantyaphala j ya. 
~ Trijya * Karna 

= 2 o^_^ (Mbefore) (i) 

So arc M 2 M 4 or Sighraphala is the arc corresponding to 
(1) as Jya, which is the same as that obtained by the epi- 
cyclic method. 



Apogees and the Circumferences of the First 
and Second Epicycles 

The longitudes of the Mandoccas of Mars, Mercury, 
Jupiter, Venus and Saturn, according to Aryabhata and 
Lalla, are respectively 118°, 210°, 180°, 90° and 236°; 
according to SS, as depicted in PS, they are 110°, 220°, 
160°, 80° and 240°; according to the modern SS they are 
130° 1', 220° 26', 171° 16', 79° 49' and 236° 38'., Both 
Brahmagupta and Bhaskara ascribe to them slow motions, 
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which are 292, 332, 855, 653 and 41 revolutions respectively 
in 4320000000 years. In this connection Bhaskara says 

Or, 'The- Ucca moves, so the ancient astronomers 
have ascribed motion to it.' (£36, Groladhyaya, Chedya- 
kadhikara, 20cd.) 

As regards the circumferences of the first epicycles of 
the planets in the above order, according to Aryabhata 
and Lalla, they are respectively 63°, 3l£°, 3l£°, 18° and 
40^°, when the epicycles are described at the end of an odd 
quadrant of the concentric and are respectively 81°, 22|°, 
36°, 9° and 58 J°, when described at the end of an even 
quadrant ; according to SS, as depicted in PS, the circum- 
ferences are respectively 70°, 28°, 32°, 14° and 60°; according 
to the modern SS they are respectively 72°, 28°, 32°, 11° 
and 48°, when the epicycles are described at the end of 
an odd quadrant of the concentric and are respectively 
75°, 30°, 33°, 12° and 49°, when described at the end of an 
even quadrant. According to Brahmagupta and Bhaskara, 
the circumferences of the first epicycles of Mars, Mercury 
and Jupiter are 70°, 38° and 33° respectively; and that of 
Venus is 9° at the end of an odd quadrant of the concentric 
and 11° at the end of an even quadrant. For Saturn, 
Brahmagupta gives 30° and Bhaskara gives 50°. 

As regards the circumferences of the second epicycles 
of the planets in the above order, according to Aryabhata 
and Lalla, they are respectively 238£°, 139£°, 72°, 265|° 
and 40|°, when the epicycles are described at the end of 
an odd quadrant of the concentric and are respectively 
229£°, 130$°, 67J°, 256|° and 36°, when described at the' 
end of an even quadrant; according to SS, as depicted in 
PS, they are 234°, 132°, 72°, 260° and 40° respectively; 
according to the modern SS, they are respectively 232°, 132°, 
72°, 260° and 40°, when the epicycles are described at the end 
of an odd quadrant of the concentric and are respectively 
235°, 133°, 70°, 262° and 39°, when described at the end 
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of an even quadrant. According to Brahmagupta and 
Bhaskara the circumferences of the epicycles of Mercury 
and Jupiter are respectively 132° and 68°; that, of Venus 
is 263°, when the epicycle is described at the end of an odd 
quadrant and 258°, when described at the end of an even 
quadrant. For Saturn, Brahmagupta gives 35° and Bhas- 
kara 40°. Both Brahmagupta and Bhaskara give the 
following rule to find the circumference of the second 
epicycle of Mars at any time — 'Find the quadrant in which 
the Slghrakendra is. Take the smaller of the two arcs, 
passed or to be passed, of the quadrant. Find its Jya. 
Multiply it by 6° 40' and divide by the Jya, of 45°. Subtract 
the quotient from 243° 40'. The remainder is the circum- 
ference of the second epicycle. 51 

Methods fob applying the Correction 

The methods for calculating the two inequalities of a 
planet according to the Indian astronomers are given above. 
As regards their application to the mean longitude of a 
planet, the first operation should be to apply the amount 
of the first inequality to the mean longitude, getting thereby, 
in the case of a superior planet, its heliocentric longitude 
and in the case of an inferior planet, the centre of its 
circular orbit; the second operation should be to apply 
the amount of the second inequality to the corrected mean 
longitude, which inequality is the annual parallax in the 
case of a superior planet and the elongation in the case of an 
inferior planet. This is the operation followed by Ptolemy; 
but the Indian astronomers not only do not follow this 
mathematical operation, but they even differ from one 
another in their methods. These methods are given below. 

1. References to AB, PS and SS are given in tables on pp. 281-285, 
For Lalla's values see SV, Spaatadhikara, 9, 14, 28-29. 
For Brahmagupta's values see BSS, i. 19-20, ii. 20-21, ii. 34-39. 
For Bhaskara's values *ee Ganitadhyaya, Madhyamadhikara, 
Bhaganadhyaya, 6 ; Spastadhikara, 22-25. 
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Arydbhata 

1. Calculate the Mandaphala from the mean longitude 
of the planet. Apply half of it to the mean longitude, 
positively or negatively, as the case may be. 

2. From the corrected longitude, calculate the 
Sighraphala. Apply half of it to the once corrected 
longitude. 

3. From the twice corrected longitude, calculate the 
Mandaphala. Apply whole of it to the mean longitude 
of the planet. The result is called Sphutamadhya. 

4. From the Sphutamadhya calculate the Sighraphala. 
Apply whole of it to the Sphutamadhya. The result is 
the true longitude of the planet. 

This method is followed in the case of Mars, Jupiter 
and Saturn. 

In the case of Mercury and Venus. 

1. Calculate the Sighraphala from the mean longitude. 
Apply half of it to the Mandocca of the planet in a manner 
reverse to that in which it would be applied to the planet 
itself. 

2. Using the corrected longitude of the MandocGa 
and that of the mean planet, calculate the Mandaphala. 
Apply whole of it to the mean longitude. 

3. From the corrected longitude, calculate the Sighra- 
phala. Apply whole of it to the corrected longitude. 
The result is the true longitude of the planet. (AB, 
Kalakriyapada, 23-24.) 

SSinPS 

In the case of Mars, Jupiter and Saturn. 

1. Calculate the Sighraphala from the mean planet. 
Apply half of it to the Mandocca negatively, if the Slghra- 
kendra is in the half of the orbit beginning with Aries, 
but otherwise positively. 

2. From the corrected Mandocca and the mean 
planet, calculate the Mandaphala. Apply half of it posi- 
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tively to the Mandocca, if the Mandakendra is in the half 
of the orbit beginning with Aries, but otherwise, negatively. 

3. From the corrected Mandocca and the mean planet, 
calculate the Mandaphala. Apply it positively or negatively 
to the mean planet. 

4. From the corrected mean planet, calculate the 
&ghraphala. Apply it positively or negatively to the 
corrected mean planet. The result is the true planet. 

In the case of Venus, after applying these methods 
again 67' should be subtracted. The result will then be 
true Venus. 

In the case of Mercury a peculiar method is followed. 

Subtract the Mandocca of the sun from the ^Ighrocca 
of Mercury. Multiply the Jya of the remainder by the 
sun's epicycle and divide by 360°. Apply the quotient 
positively or negatively to the mean Mercury according 
as the remainder is in the half of the ecliptic beginning 
with Aries or Libra. (PS, xvii. 6-11.) ^ 

Brahmagupta and Bhdskara 

1. Calculate the Mandaphala from the mean planet 
and apply it to the mean longitude. The result is called 
Mandaspasta or Sphutamadhya. 

2. Calculate the &Ighraphala from the Mandaspasta. 
Apply it to the Mandaspasta. The result is the true 
longitude after the first approximation. 

Repeat these two operations till the true longitude 
is fixed. 

This is the method to be followed for all the planets 
except Mars, In the case of Mars, the same method as 
that given by Aryabhata for Mars is followed. (BSS, 
ii. 35, 40; SS, ii. 34-35.) 

Lalla 

He gives the method followed by Aryabhata in the 
case of Mars, etc., for all the planets. He also gives 
an alternative method, which is the same as the first 
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method, with the exception that the second operation 
becomes the first and the first becomes the second. (&V, 
Spastadhikara, 30-35.) 

Modern SS 

The alternative method given by Lalla is followed. 
(SS, ii. 44.) 

Similarities and Differences between the Indian 
and Greek Planetary Systems 

The foregoing comprehensive account of the Indian 
and Greek planetary systems brings out their similarities 
and differences, which throw considerable light on the 
main object of the present thesis. 

The similarities are as follows. 

1. Both believe that the celestial sphere is moving 
round the earth from east to west, but the apparent motions 
of the sun, moon and the five planets are towards the east. 
Thus both confirm the geocentric theory. 

2. Both assign uniform and circular movements to 
the sun, moon and the five planets. 

3. Both accept the same order of the planets. 

4. Both conceive one inequality in the sun's apparent 
motion and two inequalities in the motion of each of the 
five planets. 

5. Both agree that this apparent irregularity can 
be explained away either by the epicyclic theory or by the 
eccentric theory. Thus both are ignorant of the true 
elliptic orbits of the planets and assume them to be eccentric 
circles instead. The main ideas underlying the epicyclic 
and eccentric theories in both the systems are identical. 

6. According to both Mercury and Venus have the 
same mean orbit and motion as those of the sun. Thus 
the epicycle assigned to them is their heliocentric orbit 
with the mean sun as the centre. 
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7. According to both the mean motion in anomaly 
of a superior planet is equal to the difference between the 
mean motion of the sun and that of the planet. 

8. According to both the centre of the orbit of a 
superior planet is the earth. Thus in this case the epicycle 
is the earth's orbit in the form of a circle with the mean 
sun as the centre. 

The divergences are as follows. 

1. Ptolemy calculates an exact value of the first 
inequality in the case of the sun, moon and the five planets, 
whereas the Indian value is only approximate. 

2. The methods for calculating the inequalities differ 
in the two systems, because the trigonometrical ratio 
'sine' is unknown to Ptolemy, whereas the Indians make 
constant use of it. 

3. Ptolemy calculates the second inequality of the 
moon known today as evection. This inequality is not 
met with in the ancient works of Aryabhata, Varahamihira 
and Brahmagupta. It is first found in the work of Mufijala 
and his value of this inequality is more accurate than that 
of Ptolemy. 1 

4. For the actual calculation of the inequalities in 
the case of the five planets, Ptolemy combines the epicyclic 
and the eccentric theories. According to him the planet 
moves round an epicycle, the centre of which is not carried 
by that eccentric, which has its centre at the point, where 
equal angles are described in equal times, but it. is carried 
by another circle equal to the eccentric and with its centre 
at the point bisecting the line joining the centre of the 
ecliptic and that of the eccentric. In the case of Mercury 
this eccentric carrying the epicycle is movable. Thus 
Ptolemy admits that the centre of equal distance is not 
the same as the centre of equal motion. 

These assumptions and complications of Ptolemy are 
absent in the works of Indian astronomers. As has been 



1. KTSG, p. 163. 
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pointed out above, they do not combine the epicyclic and 
eccentric theories to calculate the inequalities. Each device 
is adequate to calculate both inequalities. 

On one occasion, however, Bhaskara refers to a diagram 
in which the epicyclic and eccentric methods are combined 
and he calls the construction, a mixed one or Misrabhangi 

Goladhyaya, Chedyakadhikara, 32). 

5. The striking point of dissimilarity between the 
two systems is that whereas the circumference of the epicycle 
of a planet is constant in the Greek system, it is not so in 
the Indian system. In the Indian system it has one 
measurement at the end of even quadrants and another 
at the end of odd quadrants of the concentric and decreases 
or increases in the intermediate positions in proportion 
to the 'sine' of the anomaly. This change in the circum- 
ference of the epicycle of a planet is stated by Aryabhata, 
whose is at present the earliest extant scientific treatise 
on Indian astronomy. His successors also make it variable, 
but the values assigned to each epicycle differ in different 
books, as has been stated above. In no commentary 
on these works is the reason for this variation given. All 
commentators unanimously say that these measurements 
are the results of observation. Even Bhaskara, while 
accepting the values of the circumferences as given by 
Brahmagupta, merely says that if Brahmagupta found 
these values giving results in accordance with his obser- 
vations, there is no reason why he (Bhaskara) should not 
accept them. Thus at present it is not possible to speculate 
with any degree of certainty why the Indian astronomers 
made the circumference of the epicycle of a planet variable. 
Perhaps one may say that it was designed to make the 
calculated results agree, as far as possible, with the observed 
results. 

6. Another point where the Indian system differs 
from the Greek system is in the actual application of the 
two equations to the mean longitude of a planet to find its 
true longitude. This point has already been explained. 
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Origin and Development of the Greek Epicyclic and 
Eccentric Methods 

Before proceeding to discuss to what extent the Indian 
astronomers were indebted to the Greeks, if at all, for 
their system of planetary motion, it is essential to mention 
briefly the theories with regard to the origin and develop- 
ment of the epicyclic and eccentric methods as used by 
the Greek astronomers, a subject which is still enveloped 
in uncertainty. The reason for this is that the works of 
most of the ancient Greek astronomers are completely 
lost and the texts containing references to these works 
are very few in number and not always reliable. Several 
theories in this connection have been propounded of 
course, but all are based more on conjecture than on 
textual evidence. 

From Ptolemy's statement in the first chapter of the 
twelfth book of his Mathematical Syntaxis, it follows that 
in the time of Apollonius of Perga (230 B.C.), the epicyclic 
method was used to determine the first inequality of all 
the planets, namely, the inequality due to their confor- 
mations with the sun, but the eccentric method was used 
only for the three superior planets. 1 That a generalized 
eccentric method was not in practice, is clear from his 
Statement, ' Sia t5Js kclt eKKevrpoTTjra viroBecretos .... rrjs 
TotavT7]S cm fiovojv r&v Traaav aTroaraaiv airo tov ijAi'ou noiovfievtav 

y darepcov Trpox<t)pclv Swap.dvrjs' , which means, ' according to the 
eccentric hypothesis, . . . the same being applicable only to 
the three planets, which can be at any angular distance 
from the sun, etc' 

When did these theories then originate. Schiaparelli 
maintains that the Pythagoreans were the first to whom 
the idea of eccentrics and epicycles occurred. But these 
methods must have been known to Heraclides of Pontus 
(c. 388 B.C.). The epicyclic method led him to his great 
discovery of the revolutions of Mercury and Venus round 

1. MS, II, pp. 450-451. y 
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the sun. Schiaparelli further gives a very ingenious proof 
that either Heraclides or one of his contemporaries must 
have invented the theory of movable eccentrics to explain 
the motion of the three superior planets round the sun. 
These theories, according to Schiaparelli, were essential 
for the formulation of the heliocentric system by Aristarchus 
(310-230 B.C.), who took the simplest case of these theories, 
namely, when the centres of the eccentrics of the three 
superior planets coincided with the sun and also the centres 
of the epicycles of Mercury and Venus. 1 

Dreyer, though not agreeing with Schiaparelli that the 
Pythagoreans were the inventors of the eccentrics and 
epicycles, is still of opinion that both these methods were 
well known to Aristarchus, whose system was probably 
based on these theories. 2 

Tannery, on the other hand, argues that the epicyclic 
method was well known to Apollonius, who himself invented 
the eccentric method for the motion of the superior planets. 3 

Heath holds the same view. 4 

But it must be noted here that there is nothing in the 
above statement of Ptolemy to suggest that Apollonius 
discovered the eccentric method. Ptolemy simply states 
that all other mathematicians and especially Apollonius 
of Perga have previously proved a certain theorem both 
by epicyclic and eccentric methods. 

The object of this thesis is not to discuss the views of 
these scholars with regard to the origin of the eccentrics 
and epicycles, but this point must be again emphasized 
that a detailed examination of these theories reveals the 
fact that these views are based on tentative arguments, 
perhaps sometimes biased, and not on any definite reliable 
textual evidence. If Ptolemy's statement is taken to be 
accurate, this much can be said with certainty, that in the 

1. Aristarchus of Samos, Part I, ch. xviii; Part II, ch. i. 

2. Planetary Systems, ch. vi. 

3. Tannery, ch. xiv. 

4. Aristarchus of Samoa, pp. 268-269. 
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time of Apollonius, the generalized form of the epicyclic 
svstem was used, but the eccentric system was used only for 
the three superior planets. That by the time of Hipparchus 
(126 B.C.) both the methods were available as equivalent 
alternatives, is mentioned by Ptolemy in his MS. 1 

Theon of Smyrna (second century) also says in his 
'Astronomy' that Hipparchus much admired both the 
hypotheses, because, though different, they yielded identical 
results and that he even remarked that the mathematicians 
should investigate the cause of that identity. Theon also 
says that of the two methods, Hipparchus preferred the 
epicyclic system. 2 

Ptolemy's MS gives the epicychc and eccentric methods 
in finished forms. As has been described above, he uses 
both methods as alternatives in the case of the sun, which 
has only one inequality, but combines them for the moon 
and for the five planets, which have double inequalities. 
The following quotations from his work will show that 
Ptolemy has made it clear how much of the planetary 
system is due to Hipparchus and how much to himself. 

Quotations from MS and their English Translation 

With regard to the eccentricity of the solar circle and 
the longitude of its apogee, Ptolemy says, ' SeSeiKrat p.kv ravra 
Kal tw ' iTTirdpxv pera oTrovSrjs' viroBipevos yap tov fiev aird eapivrjs 
larjfiepias ps'x/H depiv^s Tpo-nr^s XP° vov W*p&v ^S L', tov Se airo 
0€pivr)S rpoTTrjs /*«XP l ^roTTiopiv^S lor}p.€pias fjiiepwv ^/J L', Sid 
fiovoiv tovtu>v twv <f>atvop,€Vcnv aTTohtiicvvoi rqv p.cv fiera^v t&v 
irpoeiprjuivcw Kcvrpcov evdelav elKOOTOrirapTOV eyyioTa pepos 
oiaav rrjs Ik tov Kevrpov tov eKKevrpov, to_S' a-noyeiov avrov 
irpoTjyoVfJievov ttjs deptvrjs t/)077tJs Tfirjixaaiv k8 U eyyicrra, otcov 
ioTiv 6 Sid [liaoiv t&v £wBi'tov kvkXos t£ . kcu rjfiels Se tovs p.ev 
Ttbv TrpoKeifievtav T€Tapn][iopi<ov XP° V0VS Kai T0VS ^oyovs tovs 
■npoKeipivovs tovs ovtovs cyyioTa koI vvv ovras tvpioKop.€v.'3 



1. MS, II, p. 211. The quotation will be given below. 

2. Theon de Smyrne, pp. 268, 298, 304. 

3. MS, I, p. 233. 
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This means, 'These things have been proved by Hipparchus 
also with care r after assuming that the period from the 
spring equinox to the summer solstice covers 94| days, 
while that from the summer solstice to the autumn equinox 
coyers 92J days. By means of these phenomena only, 
he shows the length of the straight line between the centres 
mentioned before to be approximately -fa of the radius 
of the eccentric circle and the apogee of the eccentric 
circle to be approximately 24§° west of the summer solstitial 
point, the ecliptic containing 360°. We too find the times 
corresponding to the quadrants as set forth and the ratios 
as stated to be practically the same even now.' 

With regard to the ' efeAty/tds V Ptolemy says, *^S^ pevroi 
7raAiv 6 "I-rrnapxos rjXeygev diro tc t&v xaASat/ccuv /cat touv fcaf iavrov 
TTjprjaeoiv imXoyi£6p.evos (jltj e^owa ravra aKpifiubs. dnoBeiKwoi 
yap, Bi <hv iijddero rqprqaettiv, on 6 irpu>TOS dpidpos r<bv rjp.€pu>v, St' 
oacuv Travrore 6 eKXenrriKOS xpovos iv taois p.i)olv /cat iv loots 

KLvrjp.aoiv dva/cv/cAeiTat, fi iariv /cat en y ££ ij/xepouv /cat puias &pas 
iarjfJLepivrj^, iv at? p.rjvas pev d-napri^opiivovs evpioicei ,So££, SXas Be 
dva)p.aXias dTroKUTaardoeis jBifroy, £q>8ia.KOv$ 8e kvkXovs / S^tj8 
AetVovTa? p,olpa$ £2/ eyytora, ooas /cat 6 rjXios els rovs rp,e kvkXovs 
AeiVct, TraAtv (hs T7jS dnoKaTaardaews avrcbv -irpos rovs dirXavets 
darepas dea>povpUvn]s. oOev zvploKei /cat tov p.T]viaXov fiioov %povov 

€1Tip,€pl^O[l4vOV TOV 7TpOK€ip,€VOV T&V ^p,epa>V TtX^OoVS CIS TOVS ,Bo££ 

prjvas r]p,epui>v ovvaydfievov kQ Aa v tj k eyyiara.' 2 This means, 
'Now Hipparchus, however, calculating with the obser- 
vations of the Chaldeans and of his own, showed again that 
this period is not correct. For he proves by means of 
the observations he set forth that the smallest number 
of days after which the eclipse period is always repeated 
with the same number of lunations and the same 
motions, is 126007 together with 1 equinoctial hour, in 
which period he finds 4267 complete lunations, 4573 

1. This consists of 19756 days as established by the ancient Greek 
astronomers, during which period there are 669 lunations, 717 restitutions 
of the moon's anomaly, 726 restitutions of the moon's latitude and 723 
revolutions of the moon in longitude plus 32°. 

2. MS, I, pp. 270-271. 
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revolutions of the anomaly and 4612 less 7|° revolutions 
of the ecliptic approximately and by which (7|°) the sun 
falls short of 345 complete revolutions, the conjunctions 
of the sun and moon being again considered with regard 
to the fixed stars. Hence dividing the above number of 
days over 4267 lunations, he obtains the mean length of a 
lunar month as 29 d 31 1 50 u 8* 2(T approximately.' 

From these numbers Ptolemy concludes that during a 
period of 251 lunations there will be 269 restitutions of 
the moon's anomaly. 1 

Ptolemy continues, '^Stj p.4vroi TtpoKa.rtCXrip,pAvo\) tov rfs 
dvojfiaXtas airoKaracrTaTiKOV xpovov irapaOefievos irdXtv 6 *Imrap)(os 
SwwJTao-eis prjvcov 6/xotas Kara navra ras cucpas e/cAei'^€is ej^ovrtov 
Kal tols fieyideai Kal tois xP° vot s T $> v emoTamJtreaiv, iv als ov&ev 
iyiyveTO 8id(f>opov irapa ttjv dvcafiaXiav, cos 81a, tovto Kal tt)V Kara 
ttAotos irdpohov aTTOKaJduiTa,p,£irr}v <f>aiv€oOat, Seiicvvaiv kcu rrjv 
Toiavrrjv -nepio^pv aTTapTi^opAvr\V iv p.rjalv jiev ,€uvrj, irepioSois 
8 k TrXariKaTs ^-i^Ky.' 2 This means, 'Again while mentioning 
the intervals in lunar months between two extreme lunar 
eclipses similar in every respect, namely, in magnitude and in 
duration of the period of obscuration, in which intervals 
there was no difference due to the anomaly, so that because 
of this the period of motion in latitude appears to be included, 
Hipparchus proves that such period consisted of 5458 
lunations and 5923 revolutions in latitude. ' 

With regard to these lunar periods as calculated by 

Hipparchus, Ptolemy says, ' rwv yovv €KT€0ei/xeV<ov TT€pio8tKU>v 
airoKaTaaTaoewv Kara tovs vtto tov 'lirndpyov yeyevrjpxvovs 
iniXoyiafiovs 17 jtiev rwv firjv&v, d>s e<f>ap.ev, vyi&s, <as p.dXiara ivrfv, 

imXcXoy iayi4.vr) ij 8c ttjs dvwp.aXta$ Kal tov TrXdrovs 

d£ioX6yco Twl 8i7][jLapT7]fi€V7].'^ This means, 'At any rate, of the 
periodic restitutions established here according to the 
calculations of Hipparchus, the length of the mean lunar 
month was, as we have said, calculated soundly, as far as 



1. MS, Ii p. 272. 

2. MS, I, p. 272. 

3. MS, I, p. 277. 
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was possible . . ., but that of the anomalistic month and the 
period of motion in latitude had a margin of error.' 

Then in the beginning of the theory of the moon's 
motion Ptolemy says, ' 'E-nopAvov Se tovtois tov 8ei£at tov re 
rponov Kal rr)v -mjAiKOTTfTa ttjs aeXrjviaKrjs dvojp.aXias vuv p.kv 
rroirjo-ofieOa tov irepl tovtov Xoyov ws jtuas ravrrjs virapxovavjs, jj 
fiovrj /cat irdvres cr^eSov oi rrpo rjH&v em/?e/fAij /core? tftalvovrai, 
Xiyco Se tT} Kara, tov €KK€ipL€VOV diroKaraaraTiKov xP° vov 
dirapTi^ofj-evrj, p,erd Se ravra fei^ofiev, otl iroieirai riva /cat Bevrepav 
dvcu/xaAtav t) oeXrjvr) Trapa. ras upos tov r)Xiov dnoordoeis (icyiarrtjv 
fiev yivop.4vr)v irepl ras St^oro/xous dpufiorepas, a7roKaQiaTap.4vrpr Se 
Sty iv ru> puqvialw Xpovip 7T€pl auras re ras avvoSovs Kal ras 

iravoeXrjvovs.' 1 This means, 'The proving of the method and 
value of the lunar anomaly coming next to these, we shall now 
proceed to the argument with regard to this on the assump- 
tion that this anomaly is one, to which alone practically all 
the mathematicians, who came before us, seem to have 
given attention. I refer to that anomaly, which is com- 
pleted in the period mentioned before. After that, however, 
we shall show that the moon has a second anomaly with 
regard to its distance from the sun, this anomaly becoming 
maximum at both quadratures and vanishing twice in one 
lunar month, once at new moon and once at full moon.' 

Ptolemy continues, 'em Se rrjs TTpo7jyovp,evr]s dnoSdijecos 
&KoXov8rjaop.ev toij tov Oeatp-qpxLTOs i<j>68ois, ais Kal rov "iTrnapxov 

op&pev ovyK€XPW* vov - >2 This means, 'On the preceding argu- 
ment we shall follow the theoretical methods, which we see 
Hipparchus also has used.' 

In this connection Ptolemy points out that though 
he followed the same method as that of Hipparchus to 
calculate the first lunar inequality, his value of the maximum 
inequality differs from that of Hipparchus, his being 5° and 
that of Hipparchus being 4° 34' by the epicyclic method 
and 5° 49' by the eccentric method, and the difference is 
due to calculation and not to hypothesis. 3 

1. MS, I, p. 294. 

2. MS, I, p. 294. 

3. MS, I, pp. 338-339. 
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In the beginning of the fifth book of the MS Ptolemy 
again states that there is a second inequality of the moon, 
which he will now investigate. 1 

He continues, ' KarrjvexOrfpev Se els rrjv Toiavrrjv iirioraaiv 
re Kal mcrriv diro tc tojv vtto tov 'Imrdpxov Terr]p-qplvojv Kal 
dvayeypapp,dvoov rrjs aeXrjvqs vapoScov Kal diro twv rjp,Xv avroXs 
elXr]p.p,evajv Bid tov rrpos rd roiavra rfp.Xv KaraOKevaadevros 

opydvov.' 2 This means, 'I have arrived at this knowledge 
and belief from the lunar periods observed and written down 
by Hipparchus and also from those taken by myself by 
means of the instrument constructed by me for that 
purpose.' 

With regard to the motion of the five planets Ptolemy 
says, ' TTpoKeifievov 8" rjp.iv rov Kal irrl tojv e rrXavojp,ivojv doripajv 
ojarrep i<f>' JjAt'ou koI oeXrjvrjs rds <f>aivop,evas avTtov dvojpiaXias 
rrdaas drroo'eXtjai Si o/xaAaif Kal iyKVKXlwv Kivqcrewv dnoreXovp,ivas , 
tovtiov p.ev oiKeicjv ovtojv Tij <f>vaei twv deiwv, dratjias Se Kal 
dvop,oioTr)TOS dXXoTpiajv, p.eya piv -qyeiaOai rrpoarjKei to Kara rr)v 
TOiavTf)V rrpodeaiv KaropOojpa Kal tcXos cos dXrjdais rrjs ev (fjiXoao- 
(f>ia padrjpaTiKrjs deojpias, SvokoXov Se Sid TroAAa Kal cIkotoos vtto 
fiTjhevos voj Trporepov KaTojpdcopevov.'^ This means, 'Our present 
task is to prove all the apparent inequalities of all the five 
planets, as in the case of the sun and moon, which are 
completed by means of uniform and circular motions, these 
being in keeping with the nature of the divine, whereas 
disorder and irregularity are different. It is right to consider 
of great importance success in such an undertaking and to 
consider it the real end of the philosophical mathematical 
investigation, but difficult because of many reasons and 
rightly so, since it has been systematized by nobody ever 
before.' 

Ptolemy continues, ' odev Kal rov "Imrapxov rjyovpai 
<f>iXaXT)0€0TaTov yevop,evov Sid re ravra iravra Kal p.dXiara Sid to 
ptjno) ToaavTas dvwOev d<j)opp.ds aKpifiajv Trjprfoeajv elXr/tfjevat, Saras 
avros r/piv napeo-xev, rds pkv tov rjXlov Kal Ti/y aeXrjvrjs vrto64aeis 

1. MS, I, pp. 350-351. 

2. MS, I, p. 351. 

3. MS, II, p. 208. 
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Kai ^r/rrjaai koi, <Ls evT/v ye, dnoBeXiai -ndai] p.-qxavVj 81 6p,aXwv Kal 
eyKVKXiwv Kivrjaewv drroreXovp-evas, rats Se rwv e rrXavwpevwv 
Sid ye rwv els r)pds eXrjXvdorwv i'mopvr]p,drwv p,r]8e rr)v dpxr)v 
imfiaXXeiv, fwvov 8e rds rrjprjaeis airwv iirl to xP 1 ? cr( J" t " T€ P ov 
auvra^at Kal oettjai 81 avrwv dvop,6Xoya rd <f>aivop,eva rais rwv 
rore padr)p,ariKwv viroOiaeaiv. ov yap povov wero 8elv, ws eoiKev, 
dTTO<f>yvaodai, Sioti oiirXrjv eKaaros avrtov mielrai rr)v dvwpaXlav, rj 
on Kad* eKaarov dviaoi Kai rrjXiKavrai ylvovrai irpor/yrjoeis, rwv ye 
dXXwv pa6r]p.ariKwv ws rrepl puds /cat rrjs avrrjs dvwp,aXias re koi 
TTpor\yr)aeu}S rds Bid rwv ypap,pwv dn-oSc i'£eiy TToi7joap,evwv , ov8' 
oTt TaWTa? ^toi St' eKKevrpwv kvkXwv t) St' opoKevrpwv p,ev rep 
£<o8iafca>, eniKVKXovs Se rtepifyepdvrwv , r) Kal vr) Ala Kara ro 
ovvap^orepov diroreXeladai o-vp.f3ef3r)Kev rrjs pev ^wSia/ajs drw/iaAta? 
ovorjs rrjXiKavrrjs, r^s 8e 777309 rdv r)Xiov rooavrrjs' rovrois 
yap emfiefiXriKaai p.ev ax*86v, oaoi Sid rrjs KaXovp,evr)s alwviov 
KavovoiTodas rr)v 6paXr)v Kal eynvKXiov Kivrjoiv r)6eXr]oav ev8ei£ao- 
6ai, 8ie^evapAvws 8' dp.a Kal dvarroBeiKrws, ol p.ev ju,7}S' oXws, oi 8' 
eirl rroaov aKoXovdrjaavres rw -npoKeipevw' eXoyiaaro 84, on rip peXR 1 
rooavrrjs aKpifiaias re Kal (f>tXaXr)delas rrpoeXBovn 81 oXwv rwv paOrj- 
pdrwv ovk ditapKeoei p-e"xP l ™ v Toaovrwv arrival, Kaddirep ro is dXX- 
ovs ov 8ir)veyKev, dAA' dvayfcaiov dveir) rw p.eXXovri nelaeiv eavrov re 
Kal rovs evrev£op,evovs eKarepas re rwv dvwpaXiwv rr)v rrf]XiKorr)ra 
Kal rds rrepi68ov$ Bid <f>aivopevwv evapywv koi 6p.0Xoyovp.evwv drro- 
Set|at #cat plgavn TrdXiv dp,<f>OTepas rrjv re deaiv /cat rr)v Ta£iv rwv 
kvkXwv, 81' wv avrai ylvovrai, Kal rdv rporrov rrjs Ktvrjoews avrwv 
dvevpeXv o-^cSov re rrdvra Xoiirov itf>app6oai rd <f>aivop,eva rfj rrjs 
vrrodeaews rwv kvkXwv l8iorpoTiia' rovro 8' oip,ai Kal avrw Bvoko- 
Xov Kare<f>alvero.' 1 This means, ' Hence I consider that Hippar- 
chus also showed himself a very great lover of truth in all 
these matters, particularly in having investigated the hypo- 
theses of the sun and moon without having inherited so many 
resources for accurate observations from his predecessors, as 
he himself handed down to us, and as far as was possible in 
having proved that they were based on uniform and circular 
motions, in all their mechanism; but he did not attempt 
to deal with the hypotheses of the five planets, at any 
rate, as far as we can tell from the memoranda come down 



1. MS, II, pp. 210-211. 
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to us. He arranged the observations of them so that they 
will be more useful and showed by means of them that the 
phenomena disagreed with the hypotheses of the mathe- 
maticians of that time. For as it seems, he not only thought 
it necessary for it to be proved that each of the planets 
has a double inequality or that each has unequal retfogra- 
dations, each of such and such a value, whereas the other 
mathematicians made their proofs by means of constructions 
on the assumption of one and the same inequality and 
retrogradation ; or even that these (inequalities) were 
based on either eccentric circles or circles concentric with 
the zodiac carrying epicycles or as well, by Zeus, on both, 
the zodiacal inequality being of this extent and the inequal- 
ity with regard to the sun being of that extent; for they 
have more or less given their attention to these matters — 
those who wished to prove by means of so-called permanent 
tables, the uniform and circular motions, but at the same 
time mistakenly and without sufficient proof, some of them 
failing completely while others following the problem in 
hand to a certain extent; but Hipparchus argued that it 
will not be sufficient for someone proceeding to this point 
of accuracy and truth by means of all the mathematical 
sciences to stop at such a point, where he did not differ 
from the others, but that it would be necessary for someone 
intending to convince himself and his future readers, to 
prove the value of each of the inequalities and their periods 
by means of clear and accepted phenomena and by mixing 
both again the position and the order of the circles, by 
means of which the motions take place, and to discover 
the method of their motion and more or less to fit the 
phenomena to the special nature of the hypothesis of the 
circles. This I think seemed difficult even to him. ' 

Conclusions from the above Quotations 

The following conclusions are drawn from the above 
quotations. 
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1. Hipparchus derived geometrically the value of the 
eccentricity of the solar circle and the position of its apogee. 
These agree with the results of Ptolemy. 

2. Hipparchus found the different lunar periods based 
on the observations of the Chaldeans and his own. 

It must be noted here that Kiigler in his Babylonische 
Mondrechnung has shown that these lunar periods agree with 
those calculated from the cuneiform tablets of the Babyloni- 
ans and he rightly attributes the credit of invention to the 
Babylonians, from whom Hipparchus may have borrowed. 

3. Ptolemy gave corrections to the moon's motions in 
anomaly and latitude, as established by Hipparchus. 

4. Hipparchus determined geometrically the maximum 
value of the moon's first inequality. Ptolemy's value 
differs from his. 

5. Hipparchus could not establish geometrically any 
theory about the motion of the five planets. But he 
realized that his predecessors were mistaken in thinking 
that a planet had only one inequality, namely, the annual 
irregularity, which takes place when the planet is nearly 
in opposition to the sun. He pointed out that the planet 
had another inequality, due to its passage round the zodiac 
and the values of each inequality and the arc of retrogra- 
dation could be geometrically determined by the eccentric 
method or by the epicyclic method or perhaps by a combi- 
nation of the two. He made a very valuable contribution 
by systematizing all the planetary observations recorded 
by him as well as by his predecessors. 

6. Ptolemy discovered the second inequality of the 
moon now known as evection and by combining the eccentric 
and the epicyclic methods, he geometrically determined 
the moon's motion. 

7. Again combining both methods, Ptolemy derived 
a theory of planetary motion and calculated the values of 
inequalities and retrogradations of the planets. 

It must be noted here that Ptolemy does not make 
any statement regarding what Hipparchus directly owed to 
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Apollonius of Perga, who was also a great mathematician 
and astronomer. 

Careful examination of the Mathematical Syntaxis 
of Ptolemy reveals that he maintains an attitude of respect 
and admiration towards Hipparchus, whom he repeatedly 
calls ' (f>tXa\r)9ris ' or 'lover of truth'. There is no reason 
to believe that he has claimed the achievements of 
Hipparchus as his own thus depriving him of his well- 
deserved credit in the field of astronomy. At the same 
time, however, there is absolutely no ground for supposing 
that Ptolemy himself was not the originator of the theory 
of the moon's second inequality and of the planetary law, 
though they were based on all the observations collected 
by Hipparchus in addition to his own. The fact that 
Tannery does not do full justice to Ptolemy, may have its 
explanation in his wish to establish the position of 
Apollonius of Perga as the true founder of Greek thought 
on Astronomy, thereby assigning a greater antiquity to 
the Greek planetary system. The whole trend of Tannery's 
argument is oriented on these lines without sufficient 
evidence. > In this connection it is worth noting Halma's 
comment, 'Ptolemee le re§ut, cet heritage, et fit pour 
l'astrbnomie ce qu'Euclide avait fait pour la geometrie'. 1 

This disposes of the main position of the epicyclic 
and eccentric methods in Greek astronomy. The question 
now arises whether the Indian planetary system, as repre- 
sented by these methods, was borrowed from the Greeks. 

Pauli^asiddhanta and Romakasiddhanta 

The earliest Indian works, supposed to have been 
influenced by Greek system, are Paulisasiddhanta and 
Romakasiddhanta, 2 both of which were composed between 

1. MS, translated by Halma, Preface, p. 14. 

2. Both these names are foreign. Paulisa may be identified with 
the Greek name Paulaus. Romaka is identical with Rome. The authors 
of these works are not known. They gave foreign names to their works, 
probably because they borrowed some of the Greek astronomical constants 
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the first and fifth centuries of this era. The original books 
are lost, but their summaries are given by Varahamihira 
in his PS. It is not certain whether Varaha obtained them 
in their original forms nor even whether he introduced 
any change in the systems while summarizing them in PS. 
Their contents, however, have to be judged from what is 
given there. The length of the sidereal year according to 
PaS is 365-2583. The sun's apogee is perhaps 80° as 
suggested by Thibaut and its equations of centre for the 
mean anomalies of 10°, 40°, 70°, 100°, 130° and 160° are 
respectively 21', 96', 139', 140', 108' and 50'. Hence the 
circumference of the sun's epicycle is 15° 8' as calculated 
by Sen Gupta. 1 No general rule to find the true longitude 
of the sun is given. The moon's true longitude is not 
calculated by the epicyclic method but by a numerical 
method. Tables of elongations of the five planets are 
given, but no attempt is made to find their true longitudes 
by means of epicyclic or eccentric methods. From these 
tables Sen Gupta has calculated the circumferences of 
the second epicycles of these planets. 2 

According to ES, the length of the year is 365-246 
days. The length of the synodic month is 29-5305816 days 
and that of the anomalistic month is 27-554. The longitude 
of the sun's apogee is 75° and its equations of centre for 
mean anomalies of 15°, 30°, 45°, 60°, 75° and 90° are 
respectively 34' 42", 68' 37", 98' 39", 122' 49", 137' 5" 
and 143' 23". No general method to calculate the true 
longitude of the sun is given. The moon's equations of 
centre for mean anomalies of 15°, 30°, 45°, 60°, 75° and 90° 
are respectively 1° 14', 2° 25', 3° 27', 4° 15', 4° 44' and 4° 56'. 
In the case of the moon also no general method is given 
to calculate its true longitude. There is no mention of 
the planetary motion. 

as the following account will show. Henceforth Paulisasiddhanta and 
Romakasiddh&nta will be referred to as Pa S and RS respectively. 

1. 'Aryabhata, etc.', JDL, XVIII, 1929, p. 20. 

2. 'Aryabhata, etc.', JDL, XVIII, 1929, pp. 21-25. 
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StTRYASIDDHANTA IN Pa#CASIDDHXNTIK5 

SS as depicted by Varahamihira in PS gives a complete 
epicyclic theory for the sun, moon and the five planets. 
A SS undoubtedly existed before Aryabhata, but the 
question is whether it existed in the same form as that 
given in PS by Varaha. In point of fact it could not have 
so existed, because all the astronomical elements in the SS 
of PS agree (as given in the following tables) with those 
given in K of Brahmagupta based on a lost work of 
Aryabhata. This work of Aryabhata is lost but the astro- 
nomical elements are preserved in Mahabhaskariya by 
one Bhaskara, probably belonging to seventh century 
(vii. 21-33). These are the constants which Brahmagupta 
uses for his K. 

And both Varaha and Brahmagupta acknowledge 
Aryabhata as the originator of two systems of astronomy — 
calculations from midnight and again from sunrise at 
Lanka. 

Varaha says 

Or, ' Aryabhata said that the day commences from midnight 
at Lanka; even he again said that the day begins^ from 
sunrise at Lanka.' Brahmagupta in several places in BSS 
has explicitly referred to the two systems (xi. 5, 13, etc.). 
Thus it appears that Varaha recast the older form of SS 
by introducing into it a complete epicyclic method following 
Aryabhata and also using his astronomical constants. 

The above statements show that out of the three 
astronomical treatises, which can come under the category 
of scientific works, only two, namely, Pa S and RS, existed 
before Aryabhata and perhaps in their present forms, but 
the third, namely, SS, was remodelled by Varaha with 
Aryabhata's constants. 



1. PS, xv. 20. 



280 



KHA^JpAKHADYAKA 



It follows, therefore, that the earliest extant work on 
Indian astronomy dealing comprehensively with the planet- 
ary motion is Aryabhatiya by Aryabhata. This is corro- 
borated by Brahmagupta, when he says that Srisena 
borrowed the longitudes of the apogees and the nodes, the 
circumferences of the epicycles and the methods to find 
the true longitudes of planets from Aryabhata and 
revised Romakasiddhanta. Visnucandra borrowed the same 
elements and revised Vasisthasiddhanta. 1 How much 
Aryabhata is indebted to the Greeks for his theories will 
be judged by comparing his work with Pa S, RS and 
Ptolemy's MS. 

To facilitate this comparison, the following tables are 
added, which give the astronomical elements in MS, RS, 
Pa S, AB, SS in PS, K and the modern SS. 



1. BSS, xi. 48-50. 
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Conclusions from Examination of the Tables 

The following observations are made after a study of 
the above tables. 

1. The Tropical year used by Hipparehus and then 
by Ptolemy is also used by the author of RS. Though the 
discovery of this year is attributed to Hipparehus, this 
point is not yet definitely settled. Moreover, even if the 
final discovery of the precession of equinoxes in Greece 
is due to Hipparehus, it must be remembered that he 
made use of the observations of the Chaldeans over a long 
period for this purpose. 

2. There is agreement to a certain extent regarding 
the lunar periods used by Ptolemy, Aryabhata and the 
authors of RS and Pa S, but the credit of the discovery 
of these periods does not belong to the Greek astronomers, 
but to the Babylonians, as has been so efficiently proved 
by Kiigler in his Babylonische Mondrechnung. 

3. As regards the sidereal periods of the planets, 
Ptolemy's and Aryabhata's elements differ. 1 Here again 
it must be remembered that the Babylonians discovered 
the periods of the planets in much earlier times. 

4. The circumference of the sun's epicycle used by 
Aryabhata is different from that used either in RS or Pa S 
or by Ptolemy. They, however, more or less agree as 
regards the moon's epicycle. 

5. With regard to the dimensions of the first and 
second epicycles of the planets, Aryabhata's values are 
not only different, but they vary in odd and even quadrants, 
whereas Ptolemy's values are constant. 

6. Again the positions of the apses of the sun, Mercury, 
Jupiter and Venus as given by Aryabhata, could not be 
deduced from those given by Ptolemy even after making 
an allowance for a movement of 1° in 100 years, the rate 
of precession according to Ptolemy. 



1. RS does not deal with planets. 
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7. It must also be noted that the position of the 
apsis of the sun as given in Pa S and RS is nearer to that 
given by Aryabhata than that by Ptolemy, whose result 
agrees with that of Hipparchus. 

It is thus evident that as far as the elements of the 
Indian epicyclic theory are concerned, Aryabhata does 
not appear to have borrowed them or deduced them from 
the Greek elements as given in the MS of Ptolemy. 
Assuming that the theoretical conception was borrowed by 
him from the Greeks, there is nothing to show that he 
himself was not the discoverer of the elements. In fact 
the evidence at present available is in favour of his claims. 

Aryabhata was an observer. This fact is completely , 
overlooked by those scholars, who say that Indian 
astronomers were not observers. 

Aryabhata says 

*lfeldKli»^IM*Hr dKW^l: 1 1 1 

Or, 'In this work the sun's motion is determined 
from the conjunction of the earth and the sun, and that 
of the moon from its conjunction with the sun. The 
motion of all the five planets is similarly determined from 
the conjunction of each with the moon.' 

Moreover, as Aryabhata himself acknowledges, he made 
use of some more ancient records of observations. He says 

^TWIWTSTrr M I 

^ -O *V C N t 

Or, 'By God's grace I have rescued the best jewel of true 
knowledge*, sunk in the ocean of knowledge, true and false, 
by using the boat of my intelligence.' 2 

This clearly is a reference to some astronomical treatises, 
now lost, containing important and unimportant observations 

1. &B, Golapada, 48. Sen Gupta has explained the mathematical 
theory in 'The Aryabhatlyam (translation)', JDL, XVI, 1927, pp. 54-56. 

2. AB, Golapada, 49. 
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and probably theories, which were made full use of 
by Aryabhata. 1 Those scholars, who cannot find any 
trace of a record of observations in the Indian astronomy, 
have ignored this statement of Aryabhata. 

In this connection another verse by Aryabhata must 
not be disregarded. At the end of his work he says 

Or, 'This science, which was before known as Svayambhuva 
or science revealed by Brahman and was always true, is 
now described in the book called Aryabhatiya.' 2 

It seems as if it would be too cautious to doubt that 
this is an acknowledgement of his indebtedness to some 
ancient Indian astronomers. 

Again Varaha refers to certain planetary theories 
in his PS. In a chapter on planets he comments 

° 

Or, 'Let him enjoy this more correct treatise of mine, who 
is not satisfied with the theory of Mars as propounded by 
Pradyumna or theories of Mercury, Jupiter and Saturn 
as propounded by Vijayanandi.' 3 

This statement clearly shows that some kind of 
planetary theories were propounded by Indian astronomers 
before Aryabhata. This same chapter of PS contains 
tables of elongations of the planets with regard to the sun. 

In face of all this evidence it is impossible to think, in 
the first place, that the ancient Indian astronomers made 
no observations and, secondly, that there were no records 
of such observations before the time of Aryabhata. It 

1. This has been pointed out by Sen Gupta as well ; 'Aryabhata, 
etc.*, JDL, XVIII, 1929, p. 6. 

2. AB, Golapada, 50ab. 

3. PS, xviii. 62. 



APPENDIX VII 



289 



was not, therefore, necessary for Aryabhata to look to 
Greece for his astronomical elements. 

It is interesting to note here the remarks made by 
Bhaskaracarya in the beginning of his chapter on the 
Chedyaka or geometrical interpretation of the planetary 
motion. He says 

*M*fcfiPsW qRfafosrf^r ^fa^lfcfa : 
MI<h4«W 1*^*^41' *ft?T H+l*4 rRT: I 

Or, 'This knowledge is divine having originated from 
Brahman, the Creator. It was beyond the power of human 
understanding till this great secret was revealed to the 
people by the sages Vasistha and his followers.' 1 

It is quite reasonable to consider Brahman as the 
originator of the science of astronomy. He is connected 
with astronomy, because he is the Creator of the universe. 
But what is noteworthy here is the reference to the ancient 
Indian astronomers as observers of the planetary motion. 

A favourite argument forwarded by the supporters 
of the theory — Greek origin of Indian astronomy— is that 
the latter contains many Greek terms. The only two 
Greek terms, which have been frequently used by Aryabhata 
and other astronomers are Kendra or itevrpov or centre 
of a circle and Lipta or Aevrov or 1 minute or sixtieth part 
of a degree. Kendra in the Indian astronomy is not 
only used for the centre of a circle but also for the anomaly 
of a planet. No other Sanskrit word appears to have 
been used for anomaly, though the Sanskrit word Madhya 
stands for centre. This has given to many scholars an 
opportunity for saying that since anomaly, the central 
idea of the epieyclic theory of the planetary motion, is 
expressed by a Greek term in Indian astronomy, the theory 
must have been borrowed from the Greeks. There is no 
validity in such an argument. Firstly, because Kivrpov 
was never used for anomaly by the Greek astronomers and 



1. SS, Goladhyaya, Chedyak&dhik&ra, 9ab. 
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secondly, as appears from Bhaskara's statement, Kendra 
originally meant 'centre of circle' in the Indian astronomy 
and it came to mean anomaly later on. Bhaskara says 

Or, 'Kendra means the centre of a circle. Since the centre 
of the epicycle of a planet is always at a distance of the 
planet from its apogee, the distance between the planet 
and its apogee is called Kendra.' 1 

As regards the word Lipta from Aewrdv for a minute, 
it must be pointed out that there is a pure Sanskrit word 
used frequently by the Indians. It is Kala. 2 

It must be pointed out here that the later mathematical 
works contain the words Kona from yuvia meaning angle 
and Trikona from rpiywvov meaning triangle, but the 
more ancient, works like the ^ulbasutras use the Vedic 
Sanskrit word Tryasra for a triangle. It is works on 
astrology and not on astronomy, which use many Greek 
words. 

Again the verse, so often quoted by the Western 
scholars, in support of the theory of Greek origin, is in 
praise of Greek astrologers and not Greek astronomers. 
Varahamihira in his Brhatsamhita, a work on astrology, 
while praising an astrologer, says 

Or, 'The Greeks are Mlecchas. This science of astrology 
is well established among them. So even they are honoured 



1. S!§, Goladhyaya, Chedyak&dhikara, 41. 

2. The division of a circle into signs, degrees, minutes and seconds, 
is Babylonian in origin. 
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as sages. Then how much more an astrologer, who is a 
Brahmin, should be honoured.' 1 

Varaha in his PS sometimes refers to the Greek astro- 
nomers, but nowhere states that the Indian astronomers 
borrowed anything from them. Brahmagupta, while 
enumerating- the Siddhantas or astronomical works known 
to him, refers in a general manner to a certain Yavana- 
siddhanta. 2 This word may mean an astronomical treatise 
composed in Sanskrit by a certain Yavana or Greek or 
the astronomical works of the Greeks. There is certainly 
no hint at the superiority of the Greek astronomers or 
even at the indebtedness of the Indian astronomers to 
the Greeks. Bhattotpala, in his commentary on Brhat- 
samhita, quotes frequently a certain Yavanesvara (the 
literal meaning is King of the Yavanas), who appears to 
have composed a work on astrology in Sanskrit. These 
various references to Greek works only show that the 
Indian astronomers of the ancient days were acquainted 
with some of the Greek systems of astronomy and it does 
not necessarily follow that the Indian system originated 
from the Greek system unless complete identity in the 
elements of the two systems and also in the methods of 
development is established. 

Final Conclusions 

The above analysis leads to the following conclusions. 

1. There is at present no textual evidence to support 
the view that the eccentric and epicyclic methods to 
detect the planetary motion originated in Greece. The 
Greek astronomical works, however, are the earliest extant 
works on astronomy, which make use of these methods to 
formulate the planetary law. 

2. Valuable records of the Babylonian observations 
found their way to Greece. 



1. Bjhatsamhita, ii. 14. 

2. BSS, xxiv. 3. 
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3. Hipparchus, as far as it is known at present, made 
profitable use of these observations, with the help of which, 
in addition to his own, he calculated the inequality of the 
sun and the first inequality of the moon by using the 
eccentric and epicyclic methods. He also remarked that 
a planet has a double inequality. 

4. Ptolemy discovered the second inequality of the 
moon. Again by combining the epicyelic and eccentric 
methods, he established the planetary theory. 

5. Indian astronomers were not unacquainted with 
Greek astronomy or astrology. As has been pointed out 
above, the names of the two astronomical works, Romaka- 
siddhanta and Paulisasiddhanta, are foreign and some 
of the astronomical elements used here are the same as 
those used by Hipparchus. Greek astronomy came to 
India perhaps some time after the first century of this 
era, as works like Vedanga Jyotisa, Suryaprajfiapti and 
Paitamahasiddhanta as depicted in PS are completely 
unaffected by Greek astronomy. 1 Perhaps Babylonian astro- 
nomy came to India directly. 

6. Whilst the possibility that the idea of the eccentric 
and epicyclic theory came to India from Greece cannot 
be ruled out, it must be reiterated that there is no textual 
evidence available to support this view. The only facts 
are that the extant Greek astronomical works containing 
these theories are earlier than the extant Indian works 
and that the elementary principles of these theories are 
the same both in the Greek and Indian works. According 
to the Sanskrit texts Aryabhata was the first Indian 
astronomer to make use of this possibly imported idea of 
the epicyclic theory. He correlated the original data of 
his predecessors and his own for the independent deter- 
mination of the motions of the sun, moon and five planets 
by the epicyclic and eccentric methods. It has been made 



1. The dates of the first two works are not settled but they are aurely 
i-Christian. The Paitamahasiddhanta is of the first century of this era. 
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clear that his astronomical elements could neither be 
borrowed nor deduced from the Greek elements. His 
epicyclic and eccentric methods are unaffected by Ptolemaic 
ideas. These facts cannot be over-emphasized. Here lies 
Aryabhata's originality. Aryabhata deserves the credit, 
of which he appears to have been unjustly deprived by 
learned scholars like Whitney, Thibaut and others, who do 
not appear to have been acquainted with the Sanskrit texts 
of the Indian astronomical and mathematical works. 1 

Though indebted to the Babylonians, Hipparchus is 
honoured and rightly so, for his substantial contribution 
to the knowledge of astronomy ; in spite of his indebtedness 
to Hipparchus, Ptolemy is eulogized for his achievements 
in the field of astronomy; yet, Aryabhata, who at the most 
utilized a foreign hint — and again it must be pointed out 
that this conjecture rests on purely negative evidence — to 
develop an independent planetary system as depicted in 
the Indian astronomical works, is given no credit for his 
originality and his valuable work is considered but 'an 
offshoot of Greek astronomy '. The scholarship on this 
subject at present ends with an unsatisfactory and possibly 
not convincing note of injustice to the Indian contribution. 



Note on Appendix VII 

Subsequent to writing this thesis I have had the 
opportunity to acquaint myself with the deliberations 2 of 
Professor Neugebauer on Babylonian, Greek and Indian 
astronomy. They are the results of his profound learning 
and scholarship. His interpretation of the Astronomical 

1. For the opinions of some of the Western scholars regarding the 
indebtedness of the Indian Astronomy to the Greek Astronomy, see PS 
translated by Thibaut, Introduction, pp. 49-55; Astronomie, Astrologie 
und Mathematik, pp. 43-50; SS translated by Burgess, pp. 380-386; 
Hindu Astronomy, pp. 39-41; Journal des Savants, 1859, pp. 401-418; 
Delambre I, pp. 400-517. 

2. The works are included in the Bibliography. 
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Cuneiform Texts from Babylonia has revealed that some 
of the astronomical constants in the texts are found in 
Pauli&asiddhanta of Paficasiddhantika. Perhaps the nu- 
merical methods for calculating the positions of the sun, 
moon and the planets as given in Vasisthasiddhanta and 
Paulisasiddhanta were influenced by Babylonian methods. 
Professor Neugebauer has also shown that the calculations 
for preparing the calendar in Tamil astronomy as ex- 
plained in Warren's Kalasankalita are also influenced by the 
Babylonian numerical methods. Waerden and Rav have, 
however, given alternate trigonometrical methods. 

May I venture to say that in all these works there is 
no textual evidence to prove that Aryabhata borrowed from 
an external source, the constants and the geometrical re- 
presentation of the epicyclic theory in Aryabhatiyam and 
also the constants as preserved in Mahabhaskariya and 
subsequently utilized by Brahmagupta in Khandakhadyaka. 
If the Sanskrit texts and commentaries of Aryabhata's 
successors, such as those of Bhaskara I, Bhaskaracaxya, 
Lalla, Prthudaka, and others are studied carefully, it will 
be observed that all the authors have very great esteem 
for Aryabhata. This respect could only be for an original 
scientist. Even Brahmagupta, an arrogant astronomer, 
uses Aryabhata's constants in Khandakhadyaka and 
honours him with the title Acarya; though, of course, in 
Uttarakhandakhadyaka, the second part, he gives remark- 
able corrections to Aryabhata's system. 

Thibaut and others have attached too much im- 
portance to Varahamdhira, who is more a compiler of astro- 
nomical systems than an original writer. It is he who 
borrowed Aryabhata's epicyclic system in Siiryasiddhanta 
of Paficasiddhantika and not vice versa. He has never 
been given the same place in the comity of Indian astro- 
nomers as Aryabhata. Varaha was an astrologer as all his 
works except Paficasiddhantika show. Of the two oft- 
quoted verses in support of Greek origin, the one in Brhat- 
samhita is in the praise of foreign astrologers and not astro- 
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nomers 1 ; and the other 2 in Suryasiddhanta is most probably 
an interpolated verse, as it does not occur in all the manu- 
scripts. So in the absence of textual evidence, Aryabhata's 
work should not be considered as an offshoot of Greek 
works and he should be given the honour due to an original 
thinker. 



1. See Appendix VTI, p. 290. 

2. The following is the verse after SS, i. 6ab. 

Or, the sun-god says to Maya, 'Go to Rome, your own city. There, in 
the form of a Yavana, because of a curse of Brahma, I shall reveal to you 
this knowledge.* 
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The following is a list of astronomical terms in Sanskrit 
used in this book together with their equivalents in English, 
wherever possible, and the number of the pages where the terms 
are explained: The words are arranged in Devanagari alpha- 
betical order. 



Sanskrit 

Amsa 

Aksajya 

Aksamsa 

Agra 

Angula 

Adhikadina 
Adhikadinodita- 
ghatika 

Adhidina 
Adhimasa 
Adhimasasesa or 

Adhisesa 
Adhivarsa 
Adhyardhabhogi 

Antya 
Amavasya 

Ayana 

Ayanadattagraha 
Ardhabhogi 



English Page 

Degree 90 

' Sine 5 of latitude of a place 104 

Latitude of a place in degrees 104 

' Sine 5 of amplitude 104, 106 

Breadth of six grains of barley 

without husk 81 

Planet with a longer day 155 

Planet with a longer day and 
with longer hours passed 
since the beginning of its day 1 55 

Intercalary day 91 

Intercalary month 90 

Remainder relating to an inter- 
calary month 90 

12 intercalary months 91 

Asterism that occupies 1^ of 

790' 35* along zodiac 74 

' Versed sine ' of half the day 113 

Day of conjunction of sun and 

moon — 

Northern or southern path of 

a planet — 

Planet corrected by first visi- 
bility correction 129 

Asterism that occupies J of 

790' 35* along zodiac 74 
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Sanskrit 

Avanati or Nati 
Avamadina or 
Avamaratra 
Avamasesa 

Asa 

Astalagna 
Astasurya 

Ahargana 

Ahoratravrtta 



English Page 

Parallax in celestial latitude 126 

Omitted lunar day 91 

Remainder relating to an 

omitted lunar day 91 

Unit of time 90 

Planet's setting ecliptic point 131 

Sun's longitude at heliacal set- 
ting of a planet 152-153 

Number of civil days between 

two dates 91 

Diurnal circle 104 



Aksadrkkarma 

Aksadrkkarmakala 

Aksadrkkarm asu 

Aksavalana 

Ayanadrkkarma 

Ayanadrkkarmakala 

Ayanavalana 
Ayanavalanajya 
Ardharatrika 
Arya 



Calculation for second visibili- 
ty correction 

Second visibility correction ex- 
pressed in minutes 

Same expressed in Asu 

Calculation for first visibility 
correction 

First visibility correction ex- 
pressed in minutes 

'Sine' of above 
Calculation from midnight 
A kind of metre; K is written 
in this metre 



130-131 

130-131 
130-131 
120-122 

129-130 

129-130 
120-122 



Istahpti 
Istantya 



114 
114 



Ucca 

Utkramajya 
Udayalagna 



Apogee ; apex of quick motion 248, 254 
'Versed sine' 188-189 
Planet's rising ecliptic point 131 
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Sanskrit English Page 

Udayasiirya Sun's longitude at heliacal 

rising of a planet 152 

Udayasta Rising and setting ■ — 
Udayastasiitra Line of intersection of diurnal 

circle and horizon 104 
Unnatakala Distance from the horizon in 

time — 

Unnatamsa 90° less zenith distance 112 

Unnatamsajya 'Sine' of above 112 

Unmandala 6 o'clock circle 104 



Unadina 

Unadinoditaghatika 



Kaksavrtta 
Kadamba 
Kadambaprota 
Karana 

Karanagrantha or 
Karana 

Karna 

Kala, 
Kaliyuga 

Kalpa 
Kalamsa 
Kujya 
Kujyacapa 

Kudina 

Koti 

Kotijya 



Planet with a shorter day 
Planet with a shorter day and 
with fewer hours passed since 
the beginning of its day 

Circular orbit of a body 
Pole of ecliptic 
Secondary to ecliptic 
Half of a lunar day 
Astronomical treatise giving 

briefly main formulas. K 

is a Karana 
Hypotenuse of a right-angled 

triangle ; distance of a planet 
1/60 of 1° 

Present Yuga which began in 

3102 B.C. 
Period of 4320000000 years 
Degrees indicating time 

Arc corresponding to above as 

'sine' 
Civil day 
Perpendicular 
'Cosine' 



155 



155 

248 
104 
104 
103 



90 



104-106 



108 



188-189 
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Sanskrit 

Kotiphala 

Kramajya 

Kranti 

Kranti jya 

Krantimandala 

Ksdtija 

Ksepa 



English 

'Sine' 

Declination of a planet 
'Sine' of above 
Ecliptic 
Horizon 

Additive quantity 



Page 

266 
188-189 



Khanda 
Ganda 



Gandanta 
Gatakhanda 

Garbhiyacandra or 
Garbhiyacandra- 
bimba 

Grahayuti 

Grahyavrtta 



Ghatika 

Candrakarna 

Candracchayakarna 



Candranatajya 

Candraparama- 

lambana 
Candrabimbamana 



Tabular difference of 'sine', etc. 137 

One of 27 Yogas when the sum 
of longitudes of sun and 
moon is 13° 20' — 

End of the Yoga — 

Last tabular difference of 'sine 

etc., passed 137 

Position of moon seen from 

centre of earth 123 

Conjunction of planets — 
Circle whose radius is radius of 

obscured body in eclipse 81 

Unit of time 90 

Distance between earth and 
moon 119 

Hypotenuse of right-angled 
triangle whose one side is 
gnomon and the other its 
shadow caused by the moon 132 

'Sine 5 of zenith distance of 
moon 124 

Horizontal parallax of moon 119 

Angular diameter of moon 118 
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Sanskrit 

Candrabhujamsa 

Candravyasa 

Candravyasardha 

Candrasuryagrahana 

Candrasphutalam- 

banaghatika 
Cara or Carardhacapa 

or Caradala 
Carajya or 

Caradalajya 
Candradina 
Candramasa 
Caitra 



English Page 

Longitude of moon in degrees 121 

Diameter of moon — 

Radius of moon 118 

Eclipse of sun and moon — 
Parallax of moon expressed in 

Ghatika 124 



Ascensional difference 

'Sine' of above 

Lunar day 
Lunar month 

Name of first month in year 



104, 108, 113 



108 



90 
90 



Chaya 
Chayakarna 



Shadow 

Hypotenuse of a right-angled 
triangle whose one side is 
gnomon and the other its 
shadow 



Jya 
Tantra 



Tithi 

Tithibhoga 

Trijya 

Trijyavrtta 



'Sine' 188-189 

Astronomical treatise where 
calculation starts from 3102 

B.C. — 

Lunar day 90 

Portion of a Tithi — 

'Sine' of 90° 188-189 

Circle with Trijya as radius 81 



Daksinayana 
Darsanta 

Dina 
Dinagata 



Path south of equator 

Time of conjunction of sun and 

moon 
One day 

Time of day elapsed 



90 
114 
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Sanskrit 
Dinasesa 
Dinardha 
Drkkarmakala 

Drksepavrtta 

Drglambanakala 

Drglambanajya, 
Drnmandala 

Desantara 

Desantarakala or 
Desantaraphala 
Dohphala 
Dyujya 
Dyujyacapa 

Dhruva 

Dhruvaka 

Dhruvaprota 

Naksatra 
Naksatrabhoga 
Natakarma or 

Natakarma- 

samskara 
Natakala 
Natakalakoti j ya 
Natakalajya 
Natakalotkramajya 
Natamsa 
Natamsajyft 
Naksatradina 



English 
Time to sunset 
Half the day 

Visibility correction expressed 

in minutes 
Secondary to ecliptic passing 

through zenith 
Deflection of the disc of the sun 

or moon in minutes 
'Sine' of above 

Circle passing through zenith 

and planet 
Distance in longitude of a place 

from prime meridian 
Correction due to the difference 

in longitude 

Radius of diurnal circle 
Arc corresponding to above 

Celestial pole 

Secondary to celestial equator 
Asterism 

Portion of an asterism 
Correction to circumference of 
an epicycle 

Hour angle 

'Cosine ' of hour angle 

'Sine' of hour angle 

'Versed sine ' of hour angle 

Zenith distance 

'Sine' of above 

Sidereal day 



Page 



114 



129-131 



123 



124 



123 



102 
235 

108 



135 



149-150 

113-114 
113-114 
113-114 
113-114 
112 
112 
91 
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Sanskrit 

NMimandala 
Nadi 

Nicoccarekha, 
Nleoccavrtta 
Nlcoccavrttaparidhi 
Nxcoccavrttabhangi 

Paksa 

Pancanga 
Paramakranti 
Paramalambanakala, 
Paramalambana- 

ghatika 
Paramalambanajya 
Paridhi 
Parilekha 
Pala 

Palakarna 



Palabha 
Pata 



Patadhruvakakala 

Patamadhyakala 

Patamoksakala 

Pataspargakala 

Purnanta 

PurEdma. 
Purvaparasutra 



English 
Celestial equator 
Unit of time 
Line of apse 
Epicycle 

Circumference of an epicycle 
Epicyclic theory 

New moon to full moon or full 

to new moon 
Calendar 

Greatest declination 
Horizontal parallax in minutes 
Horizontal parallax in Ghatika 

' Sine ' of horizontal parallax 
Circumference of a circle 
Projection of eclipse 
Unit of time 

Hypotenuse of a right-angled 
triangle whose other two 
sides are gnomon and its 
midday shadow when the 
sun is on the equinox 

Equinoctial shadow 

Node of moon or planet; time 
when sum of sun's and 
moon's longitudes is either 
6 or 12 signs 



Time of opposition of sun and 

moon 
Pull moon 
East- west line 



Page 

90 
248 
248 
250 
248 



90 



106 
106 



140 
140 
140 
140 



104 
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Sanskrit 

Prativrttabhahgi 
Prana 



English 
Eccentric theory- 
Unit of time 



Blja 

Bhagana 

BhSga 

Bhuktagati 

Bhuktagatiphalamsa 

Bhuktamandaphala 

Bhuja 

Bhujantara 

Bhuvyasa 

Bhuvyasardha 

Bhogyakhanda 

Bhogyagati 

Bhogyagatiphalamsa 

Bhogyamandaphala 

Madhyagati 
Madhyagrahana or 

Madhyagrahana- 

kala 

Madhyamakranti 

Madhyamasurya 
Madhyalambana 

Madhyahnacchaya 



Correction 

Revolution 
Degree 

Increase in &ighrakendra 
passed 

Increase in Sighraphala 

passed 
Equation of centre passed 
Base; longitude 
Correction for equation of time 
Diameter of earth 
Radius of earth 
Tabular difference of 'sine', 

etc., to be passed 
Increase in Sighrakendra to be 

passed 

Increase in Sighraphala to be 
passed 

Equation of centre to be passed 

Mean motion 
Middle of eclipse 



Declination calculated from 

longitude of sun, etc. 
Mean sun 

Parallax at the middle of 

eclipse 
Shadow at midday 
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Sanskrit 
Madhyahnac chaya - 
karna 



Madhyahnaparidhi 

Madhyahnasanku 
Mandakendra 



Mandakendra j ya 
Mandagatiphala 

Mandamca 

Mandanicoccavrtta 

Mandaparidhi 

Mandaprativrtta 
Mandaphala 
Mandaphala j ya 
Mandaphalavikala 

Mandaspasta, or 
Mandasphuta 
Mandantyaphala j ya 
Mandocca 
Mahayuga 
Masadhipa 
Mithunacaradala 

Misrabhangi 

Mesacaradala or Mesa- 

caradalakhanda 
Moksalambana 



English Page 

Hypotenuse of a right-angled 
triangle whose other two 
sides are gnomon and its 
midday shadow 112 
Circumference of epicycle at 

midday 149-150 
— 106 
Longitude of planet's apogee 
less planet's longitude or 
mean anomaly 250 
'Sine' of above 250 
Correction to mean motion of 

sun, moon or planet — 
Perigee 248 
First epicycle 255 
Circumference of the first epi- 
cycle — 
First eccentric circle 257 
Equation of centre 249 
'Sine' of above ( — 

Equation of centre in terms of 

seconds — 
Longitude of planet after third 

correction 56 
Radius of first epicycle 248 
Apogee 248 
Period of 4320000 years — 
Lord of month — 
Ascensional difference at the 

end of third sign of ecliptic — 
Epicyclic and eccentric theo- 
ries combined 266 
Ascensional difference at the 

end of first sign of ecliptic 109 
Parallax at the end of eclipse — 
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Sanskrit 

Yamyottaramandala 
or Yamyottaravrtta 
Yogatara 
Yojana 

Ravikarna 

Raviparamalambana 

Ravibimbamana 

RavibimbamSnardha 

Ravivyasa 

Ravivyasardha 

Ravisphutalambana - 

ghatika 
Rasi 

Rahumaua 



Lagna 
Laghujya 

Laghvahargana 

Lanka 

Lambajya. 

Lambana 

Lambanaghatika 

Lambamsa 

Lambitacandrabimba 

Lipta 



English 



Meridian 



Page 
104, 105 

90 



Brightest star in an asterism 
Nearly five miles 

Distance between sun and earth 118 

Horizontal parallax of sun 119 

Angular diameter of sun 118 

Half of above 

Diameter of sun 

Radius of sun H8 
Sun's parallax in terms of 

Ghatika 125 

30° or Sign go 
Angular diameter of earth's 

shadow jig 

Orient ecliptic point HI 
Calculations with 'sines ' of arcs 

of 10° _ 
Civil days between two dates 

within a year 91 
Imaginary place on the equator 

with zero longitude 102 

' Sine ' of colatitude 105 

Parallax in longitude 

Parallax expressed in Ghatika 125 

Colatitude in degrees 105 

Deflected moon's disc 123 

Minutes 90 



Varsadhipa Lord of year 

Valanajya ' Sine ' of Valana 

Valanasutra — §2 

Vikala Remainder 

Vikala Minutes 90 
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Sanskrit 

Vikrama Samvat 
Viksepa 
Vitribha or 

Vitribhalagna 
Vitribhacandrantara- 

Vitribharavyantara- 

Vitribhonnatamsa j ya 

Vinadi 

Vipala 

Vimandala 

Vilipta 

Visti 

Vrsacaradala 

Vaidhrta or 
Vaidhrtakala 

Vaidhrtamadhyakala 
Vaidhrtadhruvaka- 
kala 



English 

Era starting in 58 B.C. 
Celestial latitude 
Nonagesimal 

'Sine' of difference in longi- 
tudes of Vitribha and moon 

'Sine' of difference in longi- 
tudes of Vitribha and sun 

'Sine' of 90° minus zenith 
distance of Vitribha 

Unit of time 

Unit of time 

Orbit of a planet 

Seconds 

Name of a Karana or half lunar 
day 

Ascensional difference at the 
end of second sign of ecliptic 

Time when sum of longitudes 
of sun and moon is nearly 
12 signs 



123 



124 

125 

123, 124 
90 
90 

90 

103 



140 
140 

140 



Vyatipata or 
Vyatipatakala 



Saka 
Sanku 
Sankutala 
Sara 

Slghrakarna or Karna 
Sighrakarma 



Time when sum of longitudes 
of sun and moon is nearly 6 
signs 

An era starting in a.d. 78 
Gnomon 

Celestial latitude 

Process to find second inequali- 
ty of a planet 



140 



106 
106 



69, 256 



255 
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Sanskrit 

&ghrakendra 
Sighrakendrakoti j ya 
Sighrakendra j ya 
&ghranIcoccavrtta 
&ghranIcoccavrtta- 

paridhi or &ighra- 

paridhi 
&ghraprativrtta 
&ighraphala 



&ghraphalajya 

^Ighrantyaphalajya 

feghrocca 



Skka 

Sankranti 
Satribhagraha- 
krantijya 

Satribhagrahabhuja- 

Sandhi 
Samacihna 
Samaprota 
Samabhogi 

Samamandala 
Samamandaliya- 
natamsa 



English 

'Cosine' of above 
' Sine ' of above ■ 
Second epicycle 
Circumference of the second 
epicycle 

Second eccentric circle 

Second inequality. In the 
case of an inferior planet it 
nearly represents elongation 
and in the case of a superior 
planet, the annual parallax 

' Sine 5 of above 

Radius of second epicycle 

In the case of an inferior planet 
it is the mean heliocentric 
position; in the case of a 
superior planet it is the mean 
position of the sun 

Verse ; a kind of metre 

Last day of a solar month 

' Sine ' of declination of a planet 

with longitude increased by 

90° 

'Sine' of longitude of a planet 

increased by 90° 
Euphonic combination 
North point 

Secondary to prime vertical 
Asterism that occupies 790' 35" 

along zodiac 
Prime vertical 

Zenith distance measured on 
prime vertical 
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Sanskrit 


English 


Page 


Samamandaliya- 


'Sine' of above 


121 


natamsajya 






Samasavrtta 


Circle with radius as sum of 






radii of obscuring and obscured 






bodies in eclipse 


81 


Savanadina 


Civil day 


91 


Suvarnaganita 


Calculations relating to gold 


— 


Sauradina 


Solar day 


90 


Sauramasa 


Solar month 


90 


Sauravarsa 


Solar year 


90 


Sauranta 


End of a solar day 


98 


Sparsalambana 


Parallax at the beginning of 






eclipse 


— 


Spastagati 


True motion of a planet 


118 


Spastasurya 


True sun 


249 


Sphutakranti 


Decimation corrected by celes- 






tial latitude 


140 


Sphutagati 


True motion of a planet 





Sphutabhogyakhanda 


Corrected tabular difference of 






'sine', etc., to be passed 


137 


Sphutabhogyagati- 


Corrected increase in Sighra- 




phalamsa 


phala to be passed 


147 


Sphutamadhya 


Longitude of planet corrected 






thrice 


. 262 


Sphutaviksepa 


Celestial latitude corrected by 






parallax 




Sphutasurya 


True sun 


249 


Hrti 




114 


Hora 


1/24 part of a day and night 
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'pp. 30-37 

Page 311, lines 1 and 2, read 'edited by K. S. Shukla'/or 
'edited and translated into English by K. S. Shukla'. 



Time of Aryabhata, Brahmagupta etc. 

-Arun Kumar Upadhyay, Cuttack, (M) 

9437034172 

Varahamihira and Kalidasa were among 9 jewels in court of Pa- 
ramara king Vikramaditya of Ujjain (82 BC-19 AD) who started Vik- 
rama samvata at Pasupatinatha in Nepal when king Avantivarman 
(103-33 BC) was ruling. But they have given their times in a saka, 
but that is calculated in saka started in 78 AD long after their death 
by Salivahana, grandson of Vikramaditya. Vikramaditya has maxi- 
mum literature on him, next only to Rama and Krsna, but it is stated 
that there is no mention about him in history-which was manipu- 
lated only to destroy it by Oxford where Boden chair was set up in 
1831 with this purpose. All the famous kings like Sudraka 
(Mrcchhakatikam) , Sriharsa (Naisadha-charita) who started calen- 
dars were omitted from history for purpose of destroying chronology 
and show racial superiority of Greek-Roman civilization. 

There was a problem in manipulation that Varahamihira and 
Brahmagupta, son of his contemporary Jisnugupta-both have men- 
tioned about Aryabhata whose period was changed from 360 Kali to 
3600 Kali by Thebaut assisted by Pandit Sudhakar Dwivedi had 
written in all his books that Kali era started on 17-2-3102 BC, but in 
Mahasiddhanta, he changed date of Mahabharata war (36 years 
before Kali) to 653 Kali. To please George Thebaut, he further 
changed time of Aryabhata from the original 60x6 = 360 years of 
Kali (when he was aged 23 years) to 60x60 = 3600 years. Despite 
his vast learning, he had to do these manipulations to be Principal 
of Queens Sanskrit College, Kashi (now Sampurnananda Sanskrit 
University, Varanasi) after Thebaut. 



Another major blockade was by Sri Shankar Balkrishna Dixit who 
studied 14 Shakas in his History of Indian Astronomy (originally in 
Marathi, translated and published in English by Govt. Of India in 
1904, Hindi translation by Uttar Pradesh Hindi Sansthan). After 
studying all, he cancelled all his learning by taking only Salivahana 
saka as Saka and equated it with Kashmir king Kaniska{ 1294- 1234 
BC) as per RajataranginT. It was linked with scattered Shaka tribes 
of central Asia, who had never started their own calendar, but that 
calendar was assumed in India in 78 AD at time of Salivahana. All 
kings of Ma/vawere omitted from Indian History for 2 purposes-(l) 
To destroy 1300 years of Indian History for matching Chandragupta 
MauryawWh Alexander instead of Chandragupta of Gupta period 
whose time in327 BC as per Indian chronology. (2) Being rulers of 
Ujjain at central longitude of ancient world, Malva kings were main- 
taining calendars and updating it. All knowledge of calendar sys- 
tems was to be destroyed for destruction of Indian history. Only 
those authors were propped up and their books were published 
who supported destruction of India history. Indian Historical Re- 
search Institute was set up not for any independent research but to 
stop any Indian view and records. An organization was needed to 
start a case against Pandit Sundarlal who had dared to write True 
history of India (Rajaneesh Bible-Vol.3). The case continued from 
1920 to 1982 till death of Sundarlal as no error could be found by 
fake historians propped up by Institute. Irfan Habib was made Di- 
rector as he had first taken Rs. 15 lakhs grant for publication of Ibn 
Batuta diaries translated by other from Arabic to English but burnt it 
after proof reader pointed out that he had written that Kutub-Minar 
was 1500 years before Kutub-ud-Din Aibak (1204 AD)-Audit report 



of AG in 2001. This has been called Pillar of Hercules at Palibothri 
{Paribhadra = Delhi) on banks of Yamuna by Megasthenes. But this 
town was changed to Pataliputra. Sir Saiyad Ahmed (founder of 
Aligarh Muslim University) also had written in his book Kutub Minar, 
1910 that it was an ancient Hindu monument and warned against 
making it Islamic symbol. 

After Kali era in 3102 BC, 3 important eras were started in Malva- 
(1) Sudraka Saka in 756 BC. At this time Malava-gana (federation) 
was formed at mount Abu among 4 powerful groups to counter As- 
ura kingdom of west Asia- Paramara, Pratihara, Chaluikya, Chah- 
man. So, it was called Malava-gana-samvat also. (2) King Chah- 
manoi Delhi finally completely destroyed Assyrian capital Nineve in 
612 BC when his saka started indicated by Varahmihira in Brhat- 
samhita (13/3) and it was used by all kings up to Paramara king 
Vikramaditya of Ujjain. Chahmans were devotees of Sakambhari 
(now its place is called Saharanpur) described in Durga-saptasatl 
chapter 1 1 . Incarnation of Sakambhariwas in about 2634 BC when 
Hastinapur was destroyed by floods in time of Nichaksu-8 genera- 
tions after Yudhisthira and SarasvatT dried up in a period of 100 
years without rain. That was period of Parsvanatha (8 generations 
after Yudhisthira in Kasi) when Jain texts start a Yudhisthira saka. 
Destruction of Nineve is indicated at 3 places in old testament of 
Bible by king of Medes {Madhya-desa) east of Indus. (3) Sri Harsa 
Saka of 456 BC indicated by Al-Biruni. -Albiruni's India (translated 
by Edward Sachau)-chapter 49-Vikrama samvat was 400 years 
after Sriharsa.Th\s has been equated with Harsavardhana of Kan- 
nauj in 606-647 AD. Kutub Minar was made to mark the occasion-it 
was based on ancient model of Meru and its semi-vertical angle is 



difference between true and mean latitude of Delhi. It is located at 
northernmost position of moon but perpendicular to tropic of cancer. 
Period from 756 to 456 BC has been called 300 years of democ- 
racy by Megasthenes. 

In 360 Kali (2742 BC) Aryabhata has summarized astronomical 
methods to preserve tradition of Svayambhuva Manu called Arya- 
mata. 

N^J^Mi ^ftM^T ^dHdl^W ^|HK|:| ^rf^T ft*lfrk«4IW^ 
^r^frScfkT:||^o|| 

= When 6 cycles of 60 years passed in third quarter of Yuga (Kali), 
then 23 years of my life has passed. Here qf^H^l (when 6 
passed) was changed to nIM<*i (when 60 passed). 

Wf^nf FPTf^TFTTII^ii 

TTsFriiKoii 

Aryabhata-2 in Mahasiddhanta (2/1-2) that 2 branches of calendar 
were current at time of Mahabharata-Arya mata and Parasara- 
mata. 

3Tpf^-H fA R) 4 kd -W^RWTSW {R) 

wrm^prii \ ii 

l4dIrH4M^*flN^ld 3*t ^TRTfTI ^^TT^ ^ ^TT 3T^f %2T: Ff£T: 
^Rt:IRII 

Parasara mata is stated by Maitreya to Parasara in L//s/7£/ purana 
and is based on siddhanta of l//Vasi/a/7 revised by Maya- 

Asura. 



& w?k gf^rt fcrqW%re^pri hRm^ ^wnf^ra" ^11 \ 11 

*pT:llM 

^T^Hi ^r*i^H yniui^R^TiHi ^i4)di rPTTsrciM«j^«M<iffi ^imi 

f^?T:ll^ll 

It was preserved by Saunaka institute at Naimisaranya while draft- 
ing revised edition of Puranas after Mahabharata. The other 
branch followed in Kusumpur (now translated as Phulwari sharif 
near Patna) was preserved by Aryabhata as indicated by him. Then 
it was only a university (Kusuma-pur = Kinder garten or garden of 
flowers) with observatory at Khagola town (it means space). Capital 
town of Pataliputra had not been built by then. It contains pre- 
Mahabharata knowledge as indicated by these points-(1) K^aand 
Kalpa concept of billions of years was not possible to form in a life 
time. (2) Aryabhata had no means to calculate revolution numbers 
of planets in a yuga of 43,20,000 years. (3) He has written that 
north pole in water and south pole on land which were known in 
1909 and 1985. sn^rfk-^^HK- 

^ft *fr ^n^TFri ^w^: R)4^i wrr^fr wfferi TTFT^ 

f^^sfet FTT^II ? 3 II 

**HviMH&4l<H*+l ^^rFTR%l^^#tl ^ff^ft <H*+Nl: ^Tf^t 
^HlTKd:ll^ll 

But in 1909, Bal Gangadhar Tilak had written Arctic Home in Ve- 



das. (4) Like 2 poles of earth, Aryabhata had no chance of visiting 
west Africa, New Zealand and Mexico whose towns at intervals of 
90° have been indicated by him. (5) Even if he could visit these 
places, he could not have ascertained their longitudes. Katha-sarit- 
sagar and other tales indicate that ships were being lost in ocean 
and were unable to know their location. (6) In India itself, it is im- 
possible to know without accurate map that Ujjain, Kalpi, Kuruk- 
shetra etc are on same longitude as that of Lanka which did not 
exist at time of Aryabhata. (7) Broad zones of earth indicated that 
map of north (south also) was made in 4 sheets of 90° longitude 
width-India has been called 1 of 4 petals of lotus of earth and Meru 
(pole) has 4 faces. (8) There were time zones at intervals of 24 min- 
utes (1 danda) in ancient world with reference to Ujjain and places 
of sun or pyramids were built to mark these points-Pyramids of 
Ezypt, Mexico, Stonehenge (78° west), Hellespont, Lourdes 
(France-Swiss border). Now the time zones are at 30 minutes inter- 
vals. These need not only contact but accurate maps and co- 
ordination with observatories in different parts of the world. (9) After 
Mahabharata, there was no contact with north and south America, 
Australia or any of the poles-where Aryabhata could not have gone. 
(10) Aryabhata has not explained rationale of mathematics, he has 
just preserved the shortest methods in verses. As remarked by his 
commentator, Bhaskara-\ , 4 treatises of mathematics survived after 
Mahabharata-POrana (Integral calculus), Putana (rectification of 
curves, surfaces -differential calculus), Maskari (algorithms) and 
Mudgal (discrete mathematics). 

5njf%ft<Mi<jrc"«i4 ft, *r w^hn i^h 



^iffidHK, VWTR ^iRldM HHiR-TJ^T-^rUK^: ^FTt 

(11) A powerful kingdom is needed to build observatories, do de- 
tailed mapping of country and world, to arrange libraries and univer- 
sities, and finally to approve the proposed method of astronomy 
and calendar. There was none at the distorted time of Aryabhata in 
499 AD. (12) Vakya-karana (short sentences indicating numbers for 
easy calculation of planets) were based on Aryabhata, used mostly 
in Kerala or Tamiinadu-p\aces of shipping where it is needed. It has 
been used in Selucid period (about 300 BC). See last para of 

Vakya-karana' by K. Chandra Hari-at following site 

http://www.scribd.com/doc/14648958A^akyakarana-SundararaiaAncient- 
Astronomy 

(13) Huensang in 642 AD had gone from Tamralipti 'to China by a 
ship carrying 1500 persons and was surprised that it was not going 
along coast, but was able to find location and direction in deep sea. 
Even in 1492, Columbus was not able to know his place in ocean 
and reached America instead of India. 

Varahamihira was famous astrologer in court of Paramara king Vik- 
ramaditya (82 BC-19 AD). Kalidasa\x\ his Jyotirvidabharana, chap- 
ter 22 has indicated names of 9 jewels including himself, famous 
Varahamihira, Vararuchi (maker of Vakya-karana), etc. But times of 
Kalidasa and Varahamihira are calculated in terms of Salivahana 
saka starting 1 00 years after their death and not in saka starting in 
612 BC as indicated by them (Brhat samhita\2>i2>). Jisnugupta also 
has been mentioned as a contemporary astronomer, but he was not 
in court of Vikramaditya. He was son of Amsuvamana (101-33 BC), 
king of Nepal in whose time Vikramaditya started Vikrama-samvat 



in 57 BC at Pasupatinatha, Nepal-Chronology of Nepal, Recon- 
structed by Kota Venkatachalam, 1953, Vijayawada. 
Nepal Kings- Gopala-vamsa-{\) Bhuktamanagata Gupta (4159- 
4071 BC), 

Ahfra-vamsa-Three kings of India ruled for 200 years 
Kirata-vamsa-^2) Yalambara, 

(18) JitedasthHe died in Mahabharata war on Pantfava side. This is 
also described in Kirata-parva under Vana-parva of Mahabharata 
and famous epic KiratarjunTyam of DandT. 7 kings ruled for 300 
years (3437-3138 BC), 

Soma-vamsa-{A\) Nimisa, (42) Manaksa, (43) Kakavarman, (44-48) 
-Unknown, (49) Pasupreksa Deva-\x\ his period many persons 
came from India in 1867 BC (period of Buddha and MahavTra in 
Bihar). These 9 kings ruled for 464 years (2319-1875 BC) , (52) 
Bhaskaravarman-He conquered India (some adjacent parts) and 
without any son. He adopted Aramana of Surya vamsa who be- 
came king in 1712 BC in name of Bhumivarman. Surya vamsa- 
(53) Bhumivarman (1712-1645 BC), .. (83) Visvadevavarman (151- 
101 BC). After him his son-in-law became king. 
ThakurT-vamsa-{QA) Amsuvarman (101-33 BC)- Paramara king Vik- 
ramaditya of Ujjain came in 57 BC and started his Vikrama-samvat 
at Pasupatinatha from Chaitra sukla 1st. (85) Krtavarman (33 BC- 
54 AD), (86) BhTmarjuna (54-147 AD). 

Inscriptions-As Vikrama samvat was started in period of Amsuvar- 
man (101-33 BC), his earlier inscriptions are in Sriharsa-saka (456 
BC) which is wrongly related to Harsavardhana of Thaneswar (605- 
646 AD) who had never started any era as per his own writings or 



as per his biographer Banabhatta or Chinese traveller Huensang. 

Later inscriptions are in Vikrama-samvat. 

http://indepigr.narod.ru/licchavi/content8 1 .htm 

(1) No. 69- Sam vat 535- Sravana sukla 7 (Srlharsa-saka) 

(2) No. 7 '6- Samvat 29- Jyestha sukla 10. (Vikrama samvat now on- 
wards) 

(3) No. Samvat 30- Jyestha sukla 6. 

(4) No. 78-Samvat 3\-Prathama (month name xx\\ss\r\o\- Pausa as 
per next inscription) pahchamf-that yea had adhika month. 

(5) No. l§-Samvat3\-DvitTya Pausa sukla astaml 

(6) No. 80-Samvat 31, M?#/73 sf/A/a 13. 

(7) No. 8^-Samvat32, Asadha sukla 13. 

(8) No. 83- Samvat 34- Prathama Pausa sukla 2-year of extra month. 

(9) No. 84-Samvat36- Asadha sukla 12. 

(10) No. 85- Samvat 37 -Phalguna sukla 5. 

(1 1 ) No. 86-Sa/77i/ctf 39- Vaisakha sukla 1 0. 

(12) No. 87 '-Samvat 43- VyatTpata- Jyestha ksna (date missing). 

(13) No. 89-Sa/77i/a/45- Jyestha sukla (date missing) 

Jisnugupta has 2 inscriptions in which dates are missing. His coins 

have been found. One is shown on http://en . wikipedia. org/wiki/ 
Licchavi (kingdom) . 




Copper coin of Jishnugupta (ca. AD 622-633) of the Nepalese 
Licchhavi Dynasty. Obverse. The inscription above the winged 
horse is Sri Jishnu Guptasya. 



For a short period, Jishnugupta also was king, but power was taken 
by other bothers. There are many inscriptions and coin by him. As 
he was a famous king, Brahmagupta has always called himself as 
son of Jisnugupta. Amsuvarman was famous author on Grammar 
as indicated by Huensang. His son Jisnugupta also was famous 
astrologer as mentioned by Kalidasa, which might be a factor in 
starting Vikrama-samvat in Nepal. But it appears that he could not 
write any major work on astronomy due to his political engage- 
ments. So, his son Brahmagupta came under patronage of Vik- 
ramaditya whose gotra was Vyaghrapada like Pandavas. Kings of 
Malva were head of 4 Agnikulas of Malava-gana, so they have 
been called Vyaghramukha-th\s is not a name of particular king. 
Malava was spread till Kashmir border in shape of garland (ma/a), 
so it was called Malava. Chapa vamsa indicated by Brahmagupta 
may be Malava ox its part in shape of arc (chapa). Actually, Chau- 
han among the 4 agni-vamsas has been called Chapahani and 
Chahman was an important king who destroyed Nineve in 612 BC 
after which a saka was started. 
Refs-(1 ) ?rf%^T tj^T, tn%pf ^ ( 3 /^y 

^rTT^rsrsTFrrf ^TRrnsr^nft ^f^u-.\ ^mh^iA4^R«:ii^ii 

f%%# =5T cPTT gWtSWf *T hR^K+: 11*^11 3T^% WCt ^#31 H 
R^dlll^ll 

ilfd^T ( \ /vs)-Rl^^dR|R^ hR^I<I rrfhft: I + |Rm< <jt <H H sbl ^TFTcPT 
FJcTfTII ? II 

<N^IM^> ^ W^jf^^f^: II ^ II 3^T^t ^R" t^r^fhTT 4Wp=ldHJI 3 II 



(2) Brahmagupta himself has indicated Chapa-vamsa king who has 
started a saka. He has always called himself son of Jisnugupta. 
Vatesvara has never mentioned him as Brahmagupta, always as 
son of Jisnu. 

#^mTwf^r% %TMiy^ ^ ^t^jtptpti t^t^ ^jM^Rh 

sTT^": *$dRUl*r|: ^d^ld^FHRd^ #=tl f^wfd" fcft 
fa^dsl^^HII 

sll^$dRWkd, TTSWtoK (?/^)- 

slgflTt. ^ifadH H^dl + I^d" wfMt^cTfTI 3rf¥rsfkt ^ d f^l WJJ^ 

^j^ii 

dT^T ^TT^fTf&fPT cRTtS^ fwfd" +fdRM WTTfr II \ II 

f%^£pr ^d^llR-yf^T: #^ft TTf| W: H^HJ WTcft ffTTf^PT: 

%TlH<il4^d«flfd~dl*$d|: II ^ II 

Tf| WU: ^ ft^dRdl: wrftf WT^rRr: F^ll^ll 
f%^*Tcf^^Tb^dR^IHI ^u^hh- 

d" ^jT^n ^Tdd" Rl^dlTt> fTT^ f%f%^"MfHk^ dfH K^Tt-ftfd 

+ K cRf WTII H H 
^IHKI^ Rl^d^Dd; WRl^ +Rl^ll<fl Wl dT^T ^FTTRt ^Mld^ 

^rra":ii?vn 

R^dl^^ll^ll 



^ ^IHd/h^l: ^ I fa Id* <£dlfald ^Tl ril^^ffiwj^d") ^TRft ^IHlfd 
IWTf^ll^ll 



Pl^dH^HIRKII 

dldl^Rd ^TT f^TR": ?K^HMpHd~d ^TH^ (u) ?R 

R^RtR^d^d ^TbdHIII 3 \ II 

^IMlfd cT^ W^ll^ll 

^^m^rf^Tw^rwr ?nfaft msRi ^wTs^r%^5^T^r^r 

^ft ^ ^TT^t cf^TT SN^I ^TtR" <faj^M Pi w^dl 



^IfdH^ldlR^ ^ ^I^T f^fl fcT^ f%*uj^fr w^f^% 
^iRld^l^' ^11*311 

^^rrRRN^nf^ ^rRNt %^i ^r^rr^n" %f% 5 ^ft 

f%Wt:||YY|| 

Rl^d«^uiMi Wri" ^ ^ WTMI dfHI^^fT ffewrs^TTf^" 

<MM I R 11*^11 

^~ %f% Pi w^dl ^Tf^RT ^Mmi ?T W iTlTblR cRT: ^ ^ 
fW^WTII^^II 

(4) Jisnugupta at time of Vikramaditya- 

cKl^ftHk- ^va||d+ wftSS^TR":- 3TFJ^T 
fasuj (f%isuj) T^ftsR- ^Tfft RU*)d^ ^% I 

+ l^<4m-^fdf?<4l^^-3TSqW^ ^-TRTT^H[d^ L l | J|^- 

^>sf^Ri^ ^rf^HN ^1Id^m<u|+Mpsn"^Ri;ii 11 

RjbHI^d^dH,-^ ^fd^i1dR^KRd=K^ sffaTCd" ^Id^P^d&Pffel 
WtS^TT ^IdR^i #HM^ %nR*Hl4>'i l HM<A ^Hl^ild, II II 




^rRT^f!^": <£dfddl cT^fk ^iRld^ll^i ^Rfa 




Wp*o|| 



3T^sf^^%+^^I^H<R)'^?^r^"R5bH'l L l^ *THW<iUHl II II 
WTt «Kl^ftf?k ^d^HHIHI %Tl<slK<HU|H[uk^$HKR)'^ll 
^R^HI^M^'^R ^r^tMl + Md^+^il^^ II II 

H<=KdlR-&M-dR ^MUi + IH^ra^l^^M^dd^d^Li^+ll^l^l^ll 

wrfT=Ki^f^<l ^WFTt^rrfrt <=k*R^ ii 11 

(5) Nineve-Nineveh was the strongest of several fortress-cities 
which were built in the triangular territory between the Tigris and the 

upper Zab Nineveh seems to have been made the capital of the 

whole of Assyria by Shalmaneser I. (c. 1300 B.C.) and to have re- 
tained the honor under several of the later kings.... The Aryan 
Medes, who had attained to organized power east and northeast of 
Nineveh, repeatedly invaded Assyria proper, and in 607 succeeded 
in destroying the city. 

Bibliography-Layard, Nineveh and Its Remains, 1849; idem, 
Monuments of Nineveh, 1849-53; Botta and Flandin, Monuments 
de Ninive, 1847-50; Place, Ninive et I'Assyrie, 1866-69; George 
Smith, Assyrian Discoveries, 1875; Billerbeck and Jeremias, Der 
Untergang Nineves, in Delitzsch and Haupt, Beitrage zur Assyriolo- 
gie, iii. 1 (has valuable maps and plates); Johns, Nineveh, in 
Cheyne and Black, Encyc. Bibl. 

This entry includes text from the Jewish Encyclopedia, 1906. 
Retrieved from http://bible.tmtm.com/wiki/NINEVEH_% 
28Jewish_Encyclopedia%29 

(6) Media-From BibleWiki (Redirected from Medes)- They appear to 
have been a branch of the Aryans, who came from the east bank of 
the Indus. The "cities of the Medes" are first mentioned in connec- 



tion with the deportation of the Israelites on the destruction of 
Samaria (2Kg 17:6; 18:11). Soon afterwards Isaiah (13:17; 21:2) 
speaks of the part taken by the Medes in the destruction of Babylon 
(comp. Jer 51:11, 28). 

In Chahaman saka of 612 BC, Brahmagupta was born in year 520= 
92 BC and wrote Brahma- sphuta-siddhanta in year 550 = 62 BC. 
That seems natural that for starting an important year like Vikrama 
samvat, a major manual should be made in advance. Vikrama sam- 
vat changed start of month from dark half instead of bright half used 
since Kali. That was because in 3000 years after Kali, seasons had 
shifted 1.5 months backwards due to precession of earth's axis. 
This was a major step and needed accurate knowledge of preces- 
sion and a manual more complete than rudiments of 5 existing 
branches written by Varahamihira (Pancha-siddhantika). Julian cal- 
endar by Julius Caesar in 46 BC was to start with winter solstice in 
46 BC, but people obeyed Vikrama samvata and started 7 days 
later with Pausa Krsna month of Vikrama year 10. History of Calen- 
dar by N.C. Lahiri (CSIR publication as part of Calendar Reforms 
Committee Report) assumes that it started with new moon as per 
custom (which one?). That influence was due to political and theo- 
retical influence of Vikramaditya both. His gold disc at Kaba praises 
his pious rule in Arab. His astrologers (from Maga) had certified 
Jesus as a great man. But authors like C. V. Vaidya (Pune, 1921) 
tried to prove that Vikrama samvat was fake created 600 years after 
start of Vikrama year and equated Sriharsa saka of 456 BC with 
Harsavardhana in 606 AD. Thereby times of Nepal kings, Brahma- 
gupta, Varahamihira have been shifted by 700 years and all refer- 
ences to Malva kings and Indian calendars have been destroyed. 



Historical sense of Oxford means complete destruction of Indian 
History for which Boden Chair had been set up in 1831 for destroy- 
ing Indian history and spreading Christianity. 
There are many other factors-(1) Ancient manuscripts show the 
version -Sastyabdanam Sadbhir yada. I.e Aryabhata was 23 years 
of age when 6 cycles of 60 years had passed in Kali. This appears 
reasonable to have a base year of 360 years for calculation. An- 
other feature is that 60 years cycle was used for short term yugas, 
which is also used till today in China. 

(2) To make Aryabhata later than Greeks mathematicians, 6 cycles 
of 60 years was changed by William Jones to 60 cycles of 60 years 
and incorporated by George Thebaut and Sudhakara Dvivedi in 
their edition of Pahcha-siddhantika. That made orientalists happy, 
but creates much bigger problem of continuous observation system 
for 3600 years from kali era. Present observation base is only for 
about 300 years. 3600 year version assumes that there were regu- 
lar observatories maintained since kali for 3600 years. For such a 
long period, yuga of 60 year cycle will not be used-longer eras of 
2700 years saptarsi cycle would have been used. It has been 
stated in several puranas that saptarsi had completed cycle of 2700 
years after death of Yudhisthira at the end part of Andhra kings. 

(3) Aryabhata does not know about any of calendars after Kali and 
499 AD-Buddha (31-3-1887 BC) or MahavTra (11-3-1905 BC), 
Nanda coronation 1504 years after birth of Parlksita (1634 BC), 
Sudraka (756 BC), Chahamana (612 BC), SrJharsa (456 BC), Vik- 
rama (57 BC), Salivahana (78 AD), Kalachuri or Chedi (248 AD), 
ValabhT-bhanga (319 AD-end of last remains of later Guptas in 
ValabhToi Gujrat. These has been noted by all- 



f^TSUjrjTjTJT (yr^yi l o TdfSRft ^pq" ^TTW ^t1>i ^Nhhj 
^f*r^f f M ^^wtrRTTii +io-^^i4 ^Rfrf^r ^r-w^ ^ 

sH^HpST ^K^Ml ^si+l«il ^f5TT:IIV9?ll Jprrf^r ^R" <IHMl 

(^oY^) RshHI««4l +<Mdl:|l 

^<i^l^<-f^r^ff|crr(^ 3/3)- 

sirt^ wr^ g^r: ?mrf^ ^~^t gfStflft ;jwh ^-ft^-^-ft R W) ^r: 

(4) Varahamihira was in period of Vikramaditya who started samvat 
in 57 BC written by himself and many others like Kalidasa, Vara- 
ruchi. There are 2 foolish assumptions to ignore it. While so called 
national saka based on Oriental wisdom under chairmanship of M N 
Saha in 1957 is yet to be used even by Govt or public, it is as- 
sumed that Vikrama samvat was in use without a national authority. 
Whatever wisdom may be expressed by various scholars, it can be 
enforced in a country only by a national authority. Moreover, he 
cannot use the Saka started by Salivahana in 78 AD, about 90 
years after his death. By assuming his dates in Salivahana saka, 
505 AD date has been derived. 

(5) Calendar Committee report-part 3 (CSIR publication) also men- 
tions that Vikrama samvat has influenced start of Julian calendar in 
46 BC after delay of 7 days. He intended to start year from winter 
solstice, but people started 7 days later with new moon. It is as- 
sumed that 7 days after winter solstice of 46 BC was new moon- 
actually it was full moon of Pausa after which Magna Krsna month 



started in Vikrama year 10 (lapsed). Vikrama samvat is only luni 
solar year in world which month starts with dark half. All our texts of 
astronomy and puranas still calculate adhika-masa on basis of lu- 
nar month starting with bright half or new moon. To start a system 
opposed to general worldwide rule, it needs a powerful logic (shift 
of seasons by 45 days after start of kali) and a powerful king Vik- 
ramaditya who influenced India and Roman empire under Julius 
Caesar. That is why, no oriental scholar since British rule wants to 
admit existence of Vikramaditya and inserts fake stories in his 
name. 

It has also indicated that Hizra era started with start of Vikrama year 
679. 

Quoted from History of the Calendar, by M.N. Saha and N. C. La- 
hiri (part C of the Report of The Calendar Reforms Committee un- 
der Prof. M. N. Saha with Sri N.C. Lahiri as secretary in November 
1952-Published by Council of Scientific & Industrial Research, Rafi 
Marg, New Delhi-1 10001 , 1955, Second Edition 1992. 

Page, 168-last para-"Caesar wanted to start the new year on the 
25th December, the winter solstice day. But people resisted that 
choice because a new moon was due on January 1 , 45 BC. And 
some people considered that the new moon was lucky. Caesar had 
to go along with them in their desire to start the new reckoning on a 
traditional lunar landmark." 

Importance of winter solstice was ancient and BhTsma Pitamaha 
departed on that very day in year 3139 BC-36 years before death of 
SrTKrsna. Now that day is called Christmas, though it was intended 
to be new year day. It has been assumed that the start was from 
new moon day. Actually, it was from start of Magha month of Vik- 



rama year 1 1 lapsed. Vikrama samvat is only year which starts with 
dark half-all other lunar years start from bright half starting with new 
moon. Strong following of Vikrama samvat, just 10 years after its 
inception in Rome against wishes of Caesar shows influence of Vik- 
rama ditya. 

Page 180-"lt has been shown by Dr. Hashim Amir AN of the Osma- 
nia University, Hyderabad, that the Mohammedan calendar was 
originally luni-solar in which intercalation was made when neces- 
sary, and not purely lunar 

According to this view, proper intercalation was applied in all years 
where necessary up to A.H. 10 and consequently the year A.H. 1 1 
which started on March 29, 632 A.D. 

(Footnote)-lnitial epoch of the Hejira era thus arrived at is the eve- 
ning of March 19, 622 A.D., Friday, the day following the vernal 
equinox." 

Thus, Hejira era also started with start of year in India-it was start 
of Vikrama year 679. Vedic ROOTS of pre-lslamic Arabia and the 
Kaaba 

The text of the crucial Vikramaditya inscription, found inscribed on a 
gold dish hung inside the Kaaba shrine in Mecca, is found recorded 
on page 315 of a volume known as 'Sayar-ul-Okul' treasured in the 
Makhtab-e-Sultania library in Istanbul, Turkey. Rendered in free 
English the inscription says: 

"Fortunate are those who were born (and lived) during king Vikram' 
s reign. He was a noble, generous dutiful ruler, devoted to the wel- 
fare of his subjects. But at that time we Arabs, oblivious of God, 
were lost in sensual pleasures. Plotting and torture were rampant. 
The darkness of ignorance had enveloped our country. Like the 



lamb struggling for her life in the cruel paws of a wolf we Arabs 
were caught up in ignorance. The entire country was enveloped in a 
darkness so intense as on a new moon night. But the present dawn 
and pleasant sunshine of education is the result of the favour of the 
noble king Vikramaditya whose benevolent supervision did not lose 
sight of us- foreigners as we were. He spread his 
sacred religion amongst us and sent scholars whose brilliance 
shone like that of the sun from his country to ours. These scholars 
and preceptors through whose benevolence we were once again 
made cognisant of the presence of God, introduced to His sacred 
existence and put on the road of Truth, had come to our country to 
preach their religion and impart education at king Vikramaditya's 
behest." 

http://www.guardiansofdarkness.com/GoD/muslims.pdf 
(7) Then there are various ancient data of geography and astron- 
omy for which Aryabhata, Varahamihira etc had no means to know- 
(a) north pole in water and south pole on land, (b) towns at intervals 
of 90 degree latitude on globe, (c) triangular shape of south India 
and rectangular in north. Herodotus, Megathenese, Arrian, Pliny 
and Solinus-all have stated rectangular shape of India. When they 
had no idea of general shape of country, how they could teach as- 
tronomy to India? About researches of Aryabhata in 499 AD- 
smallest problem of moon's distance may be seen- 
(a) We have to assume that India was under one rule and another 
observatory was needed at farthest distance at Kanyakumarl (b) 
There should be simultaneous observation of moon from both 
places. How simultaneous time will be decided-quartz watch will 
give error of 1 minute at each place. Was it communicated by 
Phone or TV broadcast ? (c) Accurate latitude and longitude of both 



place is needed. Can it be known to persons who thought that 
shape of India was rectangular ? (d) Assume that it was known 
with accuracy of Google earth maps. Can we calculate straight dis- 
tance between 2 places from sine tables of Aryabhata whether it 
was copied from Hipparchus or not? Hipparchus himself has not 
written any book on math, (e) If texts of mathematics are given to 
any person, can it be copied by a person who is not graduate in 
math himself? (f) After knowing complete plane trigonometry of Lo- 
ney ( modern text), can we calculate straight distance between 
places from latitude and longitude? (g) Suppose, all this is accom- 
plished, then there will be parallax of less than 6th part of 1 degree 
from Patna and KanyakumarT. How it would be detected when eye 
measures cannot detect interval of less than half degree? 
There are much bigger problems of farther planets, size of 
Brahmanda (galaxy) which was also known to Mayans. 
(8) There is no mention about any Greek author or outside author 
that anybody wanted to go to Greece for higher studies. In that so 
called democracy 95% persons were slaves and no civilized person 
from outside would have dared to go there for fear of being made a 
slave. But there are many examples of Greeks going outside for 
studies. Ptolemy (Al Magest) and Euclid (Elements) had to go to 
Alexandria for study of these subjects. Appolonius of Perga had 
also gone there to study Conic section, but there was no suitable 
teacher there. So he had to come to India to study the subject and 
wrote the book -Conic sections (Published by Harvard Oriental Se- 
ries). Importance of cone is that all planets in solar system and 
stars in galaxy are held in stale orbits whose shapes are plane sec- 
tions of a cone-ellipse, parabola or Hyperbola. That is indicated at 



several places that worlds are held by Sanku (cone) e.g.-Sff^ 



